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ABSTRACT 

Jouzy,  Neddy  C.  Ph.  D. ,  Purdue  University,  January  1962.   Use  of 
Acceleration  and  Deceleration  Lanes.   Major  Professor:  Harold  L.  Michael. 

The  speed  and  lateral  placement  of  vehicles  on  the  various  designs 
of  the  acceleration  and  deceleration  lanes  of  the  Indiana  Toll  Road  and 
the  Interstate  System  of  the  State  of  Indiana  were  studied  in  order  to 
correlate  the  acceleration  and  deceleration  lane  design  with  traffic  be- 
havior and  driver  requirements  and  determine  the  acceleration  and  deceler- 
ation lane  designs  which  provide  the  most  efficient  and  safest  operation. 

The  data  on  speeds  and  lateral  placement  of  traffic  using  the  accel- 
eration and  deceleration  lanes  were  obtained  by  use  of  a  motion  picture 
technique  using  a  16mm  motion  picture  camera  and  analyzed  by  projecting 
through  a  time-motion  study  projector.  The  spot  speeds  of  through  lane 
traffic  were  measured  using  an  electro-matic  radar  speed  meter.   The 
locations  chosen  included,  whenever  possible,  different  conditions  of  geo- 
metric design  for  each  type  of  acceleration  and  deceleration  lane  design, 
i.e.  whether  they  met  or  left  the  through  lanes  on  a  tangent  or  horizontal 
curve. 

The  speeds  of  through  vehicles  were  studied  in  the  vicinity  of  where 
the  acceleration  or  deceleration  lanes  met  or  left  the  through  lanes  and 
also  about  one  mile  before  or  after  the  interchange  in  order  to  evaluate 
if  the  interchange  traffic  had  any  effect  upon  through  traffic.  The  loca- 
tion where  deceleration  lane  traffic  begins  to  decelerate  on  the  through 
lane  before  the  beginning  of  the  deceleration  lane  was  also  studied  at  a 
few  locations. 


The  study  revealed  that  a  large  number  of  the  driving  public  do  not 
know  how  to  use  prdperly  acceleration  and  deceleration  lanes.   It  was  also 
found  that  it  is  desirable  to  have  the  through  lanes,  at  the  location  of 
acceleration  and  deceleration  lanes,  on  a  tangent  and  as  near  a  level 
grade  as  possible.   Acceleration  or  deceleration  lane  traffic  was  found 
to  have  little  effect  upon  the  speed  of  the  through  traffic  at  the  inter- 
change and  most  drivers  started  to  decelerate  on  the  through  lanes  before 
diverging  into  the  deceleration  lanes.   The  long  direct  taper  type  of  de- 
sign was  found  to  be  superior  for  both  acceleration  and  deceleration  lanes. 

Proposed  designs  for  standard  acceleration  and  deceleration  lane  are 
recommended  and  each  design  incorporated  the  relevant  characteristics  of 
the  findings  of  the  study. 


INTRODUCTION 

The  recent  rapid  development  of  freeways  has  been  termed  by  the  late 
Thomas  H.  MacDonald,  former  Commissioner  of  the  Bureau  of  Fublic  Roads, 
as  the  beginning  of  the  "Second  era  of  modern  highway  transportation,  the 
express-traffic  era."  (17 )?  Mr.  MacDonald  also  stated  that  we  now  have 
substantial  knowledge  of  the  manner  in  which  highways  are  used  by  the 
mass  of  traffic  and  are  now  able  to  coordinate  driver  behavior  under  pre- 
vailing traffic  conditions  with  the  geometric  detail  of  highway  design. 
The  degree  to  which  criteria  so  determined  are  accepted  and  intelligently 
applied  in  practice  will  determine  the  degree  of  safe  efficiency  of  our 
future  highways  (27). 

Freeway-type  facilities  are  no  longer  just  designers' dreams.  They 
are  rapidly  becoming  vital  parts  of  the  vast  highway  system  of  the  United 
States,  mainly  as  a  result  of  the  1956  Federal-Aid  Highway  Act.  The  net- 
work of  freeways  to  be  built  by  1973  will  span  the  nation  and  ultimately 
serve  one-fifth  of  all  motor  vehicle  travel  in  the  United  States  (11), 
(17). 

On  the  basis  of  various  and  recent  research  studies,  it  is  apparent 
that  highway  designers  must  become  more  concerned  with  the  relationship 
between  highway  design  and  traffic  behavior.  An  excellent  example  of 
current  interest  is  the  design  of  acceleration  and  deceleration  lanes. 
In  order  to  be  able  to  obtain  maximum  efficiency  and  safety  in  the  opera- 
tion of  acceleration  and  deceleration  lanes,  and  to  maintain  efficiency  on 
*  Numbers  in  parenthesis  refer  to  listings  in  the  bibliography. 
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the  main  facility,  it  is  necessary  to  relate  the  design  of  such  lanes  to 
traffic  behavior  as  indicated  by  the  requirements  and  desires  of  drivers. 

Very  little  research  has  been  done  on  interchanges  in  general,  and 
particularly  on  acceleration  and  deceleration  lanes  on  high  type  facili- 
ties such  as  those  on  the  Interstate  Highway  System. 

Much  needs  to  be  learned  before  entrance  and  exit  ramps  can  be  de- 
signed on  a  more  scientific  basis  with  the  assurance  that  traffic  will 
use  them  -  including  the  acceleration  and  deceleration  lanes  -  as  intended 
by  the  designer  (25). 

Drivers  leaving  a  highway  at  an  intersection  usually  are  required  to 
reduce  speed  before  turning.   On  the  other  hand,  drivers  entering  a  high- 
way at  an  intersection  have  to  accelerate  in  order  to  reach  the  desired 
speed  of  the  traffic  on  the  facility.   Whenever  this  deceleration  or  ac- 
celeration by  exiting  or  entering  traffic  takes  place  directly  on  the  main 
traveled  way  of  the  highway,  it  disrupts  the  flow  of  through  traffic  and 
is  hazardous  (l).   Thus,  in  order  to  minimize  these  undesirable  aspects, 
use  should  be  made  of  acceleration  and  deceleration  lanes. 

Acceleration  and  deceleration  lanes  should  be  used,  preferably,  for 
the  entire  acceleration  and  deceleration  phase  by  vehicles  entering  or 
leaving  the  through  traffic  lane.  Each  such  acceleration  and  deceleration 
lane  should  be  of  sufficient  width  and  length  to  enable  a  driver  to 
maneuver  his  vehicle  onto  it  without  a  major  change  in  speed  and,  once  on 
it,  to  make  the  necessary  change  between  the  speed  of  operation  on  the 
main  facility  and  the  lower  speed  required  for  turning.  The  optimum  con- 
dition of  operation  for  an  acceleration  lane  is  to  have  acceleration  lane 
traffic  accelerate  on  the  acceleration  lane  and  merge  at  approximately 


the  same  direction  of  travel  and  at  the  same  speed  into  through  lane  traf- 
fic.  That  for  a  deceleration  lane  is  to  have  deceleration  lane  traffic 
leave  the  through  lane  at  about  the  same  direction  of  travel  as  through 
lane  traffic  and  at  the  same  speed,  with  all  deceleration  taking  place 
in  the  deceleration  lane. 

There  are  no  specific  warrants  for  the  use  of  acceleration  and  de- 
celeration lanes  as  there  are  many  factors  to  be  considered  such  as  speeds, 
traffic  volumes,  capacity,  type  of  highway,  accident  experience,  etc.(l), 
but  acceleration  and  deceleration  lanes  are  definitely  warranted  at  inter- 
sections on  all  highway  facilities  which  carry  high  traffic  volumes  at 
high  speeds. 

Acceleration  and  deceleration  lane  design  varies  very  significantly 
from  state  to  state.   Some  states  follow  the  standards  set  forth  in  the 
manual,   "A  Policy  on  Geometric  Design  of  Rural  Highways"  by  the  American 
Association  of  State  Highway  Officials  (AASHO)  (l).  Other  states  have 
developed  their  own  standards  using  the  AASHO  manual  as  a  guide.  The 
State  of  New  York  has  established  (i960)  a  fixed  length  of  400  feet  for 
deceleration  lanes  and  1000  feet  for  acceleration  lanes  on  all  of  their 
high  type  facilities.  They  report  that  they  feel  this  gives  some  assurance 
to  the  driver  that  he  will  have  the  same  length  available  to  make  his  move 
at  all  critical  interchange  points. 

The  State  of  California  believes  that  acceleration  and  deceleration 
lane  design  should  be  standardized.  Their  standard  shape  of  deceleration 
lane  is  now  (i960)  being  designed  to  fit  the  direct  path  which  was  found 
to  be  preferred  by  most  drivers.  This  direct  type  deceleration  lane  was 
developed  due  to  the  unsatisfactory  experience  which  had  been  encountered 


with  a  design  which  provided  for  an  added  full  lane  preceded  by  a  taper. 
The  State  of  California  has  also  developed  an  acceleration  lane  design 
standard  having  50:1  direct  taper.   Studies  revealed  that  the  natural  path 
of  nearly  all  vehicles  is  contained  within  a  50:1  taper  and  this  design 
provides  sufficient  acceleration  distance  for  all  turning  speeds. 

The  State  Highway  Commission  of  Indiana  has  used  several  designs  for 
acceleration  and  deceleration  lanes.   The  parallel  lane  type  of  accelera- 
tion lane  was  initially  adopted  as  a  standard.   This  design  consisted  of 
a  full  width  lane  350  feet  long  plus  400  feet  of  taper;  this  design  was 
constructed  at  several  locations.   Later  the  length  of  the  parallel  ac- 
celeration lane  was  changed  to  250  feet  of  full  width  with  250  feet  of 
taper.   Later  yet,  the  direct  taper  type  of  acceleration  lane  design  was 
adopted  in  order  to  correct  a  tendency  for  entering  traffic  to  move  into 
the  through  lane  too  quickly.   This  latter  acceleration  lane  has  a  75C 
foot  long  taper.  More  recently  a  standard  acceleration  lane  having  50:1 
taper  was  adopted.   This  design  is  similar  to  one  described  in  "Traffic 
Behavior  on  Freeways,"  Highway  Research  Board  Bulletin  235.  To  date  (1961), 
however,  this  last  design  has  not  been  incorporated  in  any  completed  con- 
struction. 

Adopted  standards  for  the  State  of  Indiana  for  deceleration  lanes  have 
also  included  the  parallel  lane  type  and  the  direct  taper  type.  One  design 
used  a  taper  from  zero  (0)  to  twelve  (12)  foot  lane  width  in  250  feet, 
followed  by  50  feet  of  tangent  and  then  a  curve.  A  second  design  utilizes 
a  continuous  radius  curve.  A  third  design  has  a  taper  followed  by  a  curve, 
and  a  fourth  design  uses  a  straight  short  taper.  Just  recently  (1961)  they 
adopted  a  standard  having  about  900  foot  straight  taper. 
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The  geometry  of  acceleration  and  deceleration  lane  design  has  gone 
through  an  evolutionary  process  through  the  years.   In  general,  this  pro- 
cess has  been  in  the  direction  of  more  liberal  lengths  to  provide  greater 
smoothness  and  safety  in  acceleration  and  deceleration  operations.   There 
are  questions,  however,  as  to  how  liberal  the  design  should  be.   On  one 
hand  is  the  requirement  of  liberal  lengths  as  determined  through  experience 
to  date,  and  on  the  other  are  the  limitations  of  cost  and  space  (12). 


PREVIOUS  INVESTIGATION 

In  general,  very  little  research  has  been  done  on  interchanges  of 
high  type  facilities  and  particularly  on  acceleration  and  deceleration 
lanes.   To  this  date  experience  and  personal  preference  have  largely 
influenced  the  design  (9).   A  few  states,  however,  have  conducted  studies 
to  evaluate  the  relationship  between  the  design  of  acceleration  and  de- 
celeration lanes  and  traffic  behavior. 

The  New  Jersey  State  Highway  Department  made  a  study  on  "The  Types 
And  Lengths  Of  Acceleration  And  Deceleration  Lanes  As  They  Affect  Traf- 
fic Accidents"  (9).   An  effort  was  made  to  evaluate  these  lanes  in  regard 
to  type  and  length  by  means  of  l)  accident  record,  2)  operation  and 
3)  capacity.  The  first  two  phases  of  the  study  have  been  reported  in  the 
literature.   The  interchanges  selected  for  study  included  many  of  the  older 
ones  that  today  would  be  considered  substandard.  This  was  done  to  get  a 
range  of  values  so  as  to  be  able  to  determine  what  standards  are  desirable 
for  safe  and  efficient  operation.   Accident  records  were,  in  general,  ob- 
tained for  a  four  year  period,  a  length  of  time  which  tended  to  minimize 
any  unusual  seasonal  or  temporary  conditions.   One  of  the  findings  of  the 
study  was  that  adequate  length  of  acceleration  and  deceleration  lanes 
together  with  careful  treatment  of  the  interchange  area  and  control  of 
access  can  practically  eliminate  accidents  at  interchanges. 

The  Oregon  State  Highway  Department  conducted  a  study  "A  Comparison 
Of  The  Vehicle  Operating  Characteristics  Between  Parallel  Lane  And  Direct 


Taper  Types  Of  Freeway  Off -Ramps"  (5).   The  study  was  conducted  at  two 
locations.   One  had  parallel  type  off-ramps  while  the  other  had  direct 
taper  type  off-ramps.   Both  locations  were  on  a  freeway  which  is  part  of 
the  Interstate  Highway  System.   The  procedure  consisted  of  taking  speed 
and  lateral  placement  measurements  of  vehicles  using  the  off -ramps.   The 
study  indicated  that  vehicle  operating  characteristics  were  superior  on 
the  direct  taper  type  of  off-ramp  to  those  on  the  parallel  lane  type  off- 
ramp. 

The  California  State  Highway  Department  made  a  study  on  "Traffic 
Behavior  And  On-Ramp  Design"  (12).   The  location  studied  was  the  entrance 
ramp  at  the  Ashby  Avenue  Interchange  on  the  East  Shore  Freeway  (US  M)). 
The  procedure  consisted  of  recording  speed  and  lateral  placement  of  vehicles 
on  three  ramp  terminal  designs.  The  on-ramp  shapes  studied  were  (l)  one- 
lane  50:1  taper  on-ramp,  (2)  one  lane  parallel  on-ramp,  (3)  one  lane  30:1 
taper  on-ramp.   The  first  sequence  of  observations  was  made  with  a  temporary 
ramp  curb  encroaching  on  the  shoulder  (two  feet  from  edge  of  freeway  pave- 
ment) and  the  second  sequence  was  with  the  ramp  curb  offset  by  the  shoulder 
width  from  the  freeway  pavement  (in  this  case  eight  feet).   The  main  find- 
ings of  the  study  were  that  ramp  terminal  design  should  be  standardized, 
that  the  natural  path  of  nearly  all  vehicles  is  contained  within  a  50:1 
taper,  and  that  this  design  provides  sufficient  acceleration  distance  for 
all  turning  speeds. 

The  Texas  Transportation  Institute  in  cooperation  with  the  Texas 
State  Highway  Department  made  a  study  on  "Freeway  Ramps"  (27).   Eleven 
separate  ramp  studies  were  conducted  on  freeways  in  four  cities  -  Dallas, 
Fort  Worth,  San  Antonio,  and  Houston.   The  study  locations  were  specifi- 
cally selected  to  provide  data  on  the  operational  and  traffic  behavior 
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aspects  of  freeway  ramp  operation  on  various  types  of  ramps  operating 
under  different  volume  conditions.   The  data  were  obtained  mostly  by  mo- 
tion picture  studies  and  analyzed  by  use  of  a  time-motion  study  projector. 
The  study  indicated  that  it  is  necessary  to  relate  the  design  of  freeway 
ramps  to  traffic  behavior  as  indicated  by  the  requirements  and  desires 
of  drivers  if  maximum  efficiency  and  safety  in  ramp  and  freeway  operation 
are  to  be  obtained.   It  was  also  found  that  entrance  and  exit  ramp  desijm 
should  provide  the  driver  an  easy  and  natural  path,  good  sight  distance 
and  good  delineation. 

The  Institute  of  Traffic  Engineers  recently  conducted  twelve  (12) 
regional  seminars  on  freeway  operation.   As  an  outgrowth  of  these  seminars 
the  booklet  "Freeway  Operation"  was  published  (11).   The  main  findings 
relative  to  acceleration  and  deceleration  lanes  included  the  following; 
In  the  case  of  deceleration  lanes,  an  element  of  surprise  should  not  be 
introduced;  the  alignment  and  appearance  should  clearly  differentiate 
between  the  deceleration  lane  and  through-roadway;  and  there  should  be  a 
clear  "orientation  point"  as  to  where  the  deceleration  lane  begins  and  a 
sufficient  length  beyond  this  point  for  adequate  deceleration  before  a 
sharp  curve  is  introduced.   In  the  case  of  acceleration  lanes,  they  should 
have  a  small  angle  of  convergence;  the  entrance  path  should  be  natural 
and  there  should  be  pavement  contrast  or  markings  on  both  sides;  and  the 
existence  of  a  safe  acceleration-merging  area  beyond  the  beginning  of  the 
acceleration  lane  should  be  easily  recognizable  by  entering  drivers. 


PURPOSE 

The  purpose  of  this  investigation  was  to  determine  the  speed  and 
lateral  placement  of  vehicles  on  various  designs  of  acceleration  and  de- 
celeration lanes.   It  was  also  hoped  that  acceleration  and  deceleration 
lane  design  could  be  correlated  with  traffic  behavior  and  driver  require- 
ments and  that  the  acceleration  lane  and  deceleration  lane  design  or  de- 
signs which  would  provide  the  most  efficient  and  safest  operation  could 
be  determined. 
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SCOPE 


The  study  was  limited  to  high  type  facilities  in  the  State  of  Indiana. 
Locations  were  chosen  on  the  Indiana  Toll  Road  and  those  sections  of  the 
Interstate  System  that  were  completed  and  had  been  opened  to  traffic. 
These  sections included  the  Tri-State  highway  from  the  Calumet  Avenue  inter- 
change to  the  Broadway  Avenue  interchange;  Interstate  65  south  of  Lebanon 
from  the  State  Road  32  interchange  to  the  State  Road  33U   interchange; 
Interstate  65  south  of  Seymour  from  the  U.  S.  50  interchange  to  the 
U.  S.  31W  interchange  and  Interstate  Ik   southeast  of  Indianapolis  from 
the  Post  Road  interchange  to  the  State  Road  9  interchange. 

The  study  locations  were  specifically  selected  to  provide  data  on 
speeds  and  lateral  placement  for  the  various  types  of  acceleration  and 
deceleration  lanes  and  for  operations  under  different  conditions. 

Not  all  of  the  different  typical  standard  designs  of  acceleration 
and  deceleration  lanes  adopted  by  the  Indiana  State  Highway  Commission 
could  be  studied  as  some  of  these  designs  had  not  as  yet  been  incorporated 
in  any  completed  construction.  Thus  the  latest  adopted  standard  design 
for  acceleration  lanes,  a  50:1  straight  taper  was  not  studied.  The  Indiana 
Toll  Road  typical  acceleration  lane  design  is  somewhat  similar  to  this 
type  of  straight  taper  design  however,  and  it  is  felt  that  the  findings 
of  the  studies  on  the  acceleration  lanes  on  the  Indiana  Toll  Road  are 
indicative  of  what  can  be  expected  on  the  50:1  straight  taper  design. 
Similar  circumstances  apply  to  the  latest  Indiana  deceleration  lane 
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standard,  which  is  a  straight  taper  about  900  feet  long  and  which  was 
adopted  only  very  recently.   This  type  of  design  is  Bomewhat  similar  to 
that  of  the  typical  deceleration  lanes  on  the  Indiana  Toll  Road  which  were 
studied. 

Locations  were  chosen,  if  possible,  to  include  three  conditions  of 
geometric  design,  i. e.  where  the  acceleration  or  deceleration  lanes  met 
or  left  the  through  lanes  on  l)  a  tangent,  2)  a  right  curve,  and  3)  a 
left  curve.   One  location  was  also  studied  where  an  acceleration  lane 
joined  the  through  lane  on  the  upgrade  portion  of  a  crest  vertical  curve, 
and  another  was  included  when  the  junction  occurred  on  the  downgrade  por- 
tion of  a  sag  vertical  curve.   All  these  conditions  were  studied  in  order 
to  evaluate  the  effects,  if  any,  that  each  of  these  conditions  have  on 
traffic  behavior  and  to  determine  which  condition  provides  for  the  most 
efficient  and  safe  use  of  acceleration  and  deceleration  lanes. 

In  four  cases,  more  than  one  location  having  the  same  acceleration 
or  deceleration  lane  design  and  similar  conditions  of  geometric  design 
were  studied.   These  studies  were  made  at  different  locations  having 
different  traffic,  in  order  to  evaluate  if  the  results  would  be  repetitive 
or  if  other  factors  such  as  traffic  volumes  and  types  of  drivers  using  the 
facility  have  a  significant  bearing  upon  the  results. 

The  speeds  of  through  vehicles  were  also  studied  at  each  interchange 
in  the  vicinity  of  where  the  acceleration  or  deceleration  lanes  joined  the 
through  lanes.  This  was  done  in  order  to  compare  speeds  of  acceleration 
or  deceleration  lane  traffic  with  through  lane  traffic  at  each  location. 
The  speeds  of  through  traffic  were  also  obtained  before  or  after  the  inter- 
changes as  pertinent,  in  order  to  evaluate  if  the  interchange  traffic  had 
any  effect  upon  the  speed  of  through  traffic  at  the  interchange. 
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The  types  of  vehicles  studied  were  passenger  cars  and  light  trucks, 
which  were  considered  as  passenger  cars.   Heavy  trucks  were  not  included 
as  the  percentage  of  such  trucks  using  acceleration  and  deceleration  lanes 
in  Indiana  is  small.   During  the  course  of  the  study  it  was  found  to  be 
of  interest  to  determine  the  location  where  deceleration  lane  traffic  be- 
gins to  decelerate  while  on  the  through  lanes  and  before  the  beginning  of 
the  deceleration  lane.   This  information  was  obtained  for  a  few  of  the 
study  locations  for  deceleration  lanes. 

Only  information  for  free-moving  vehicles  were  recorded  in  this  study. 
For  a  vehicle  to  be  considered  free  flowing,  it  must  be  able  to  overtake 
and  pass  without  any  reduction  in  speed  (22).   Consequently  only  those 
vehicles  were  used  which  were  not  affected  by  other  vehicles  in  their  path 
of  movement.   This  restriction  applied  to  all  vehicles  for  which  data  were 
recorded.  Vehicles  following  or  in  an  adjacent  lane  were  not  considered 
as  affecting  a  subject  vehicle  and  data  for  the  subject  vehicle  were  obtain- 
ed. This  restriction  did  result  in  only  the  lead  vehicle  in  a  platoon  be- 
ing recorded. 

The  vehicles  that  stopped  on  the  acceleration  or  deceleration  lanes 
were  not  considered  in  the  speed  and  lateral  placement  evaluations  but  were 
recorded  to  determine  the  percentage  of  vehicles  that  stopped. 

Data  collection  took  place  when  the  pavement  was  dry  and  under  optimum 
atmospheric  conditions,  i.e.  absence  of  fog  or  haze.   This  was  particularly 
essential  as  much  of  the  data  was  obtained  photographically  and  a  clear 
and  sharp  picture  from  a  considerable  distance  was  often  necessary.   Data 
were  collected  during  the  day  on  week  days  for  most  of  the  locations,  but 
some  studies  were  made  on  the  weekend.   It  is  felt  that  the  day  of  observation 
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has  no  significant  effect  upon  the  vehicular  characteristics  for  the  type 
of  traffic  that  used  these  high  type  facilities. 

Reconnaissance  studies  and  preliminary  surveys  for  determining  samt/le 
sizes  were  conducted  in  September  and  October  I960.   The  actual  collection 
of  speed  and  lateral  placement  data  took  place  from  November  I960  until 
July  1961  on  days  of  good  weather  conditions.   Approximately  170C  passenger 
cars  using  acceleration  lanes  were  studied  and  about  150C  passenger  cars 
using  deceleration  lanes  were  included  in  the  study. 

Volume  counts  for  each  of  the  locations  studied  were  obtained  from 
the  Indiana  Toll  Road  Commission  or  from  the  Planning  Division  of  the 
Indiana  State  Highway  Commission.  The  annual  average  daily  traffic  for 
each  of  the  acceleration  and  deceleration  lanes  studied  as  well  as  for  the 
through  lanes  at  each  location  are  included  under  the  discussion  of  each 
study  location. 

Accident  reports  were  obtained  from  the  files  of  the  Indiana  State 
Police.   The  accidents  studied  were  only  those  directly  involving  accelera- 
tion or  deceleration  lane  traffic  at  each  of  the  locations.   For  the  Indiana 
Toll  Road  and  Tri-State  Highway  locations,  such  accidents  were  analyzed 
for  the  years  1959  and  I960.   As  Interstate  74  was  opened  to  traffic  in 
October  I960,  Interstate  65  south  of  Lebanon  -  the  northern  half  in  July 
I960  and  the  rest  in  October  I960,  and  Interstate  6$  south  of  Seymour  in 
October  I960,  no  accident  analysis  was  available  on  a  yearly  basis.   The 
accidents  studied  for  each  of  the  locations  on  these  Interstate  Highways 
were  from  the  month  in  I960  when  they  were  opened  to  traffic  until  July 
1961. 


EQUIPMENT 

Motion  Picture  Camera 

The  camera  used  to  photographically  record  vehicular  use  of  the  ac- 
celeration or  deceleration  lanes  was  a  standard  16mm  Bell  and  Howell  Auto 
Master  Camera  (26)  which  has  a  built-in  turret  head  (see  Figure  l).  The 
built-in  turret  head  allows  the  use  of  different  focal  length  lenses  and 
equivalent  view  finder  objectives  depending  upon  the  distance  between  the 
camera  and  the  object.  For  this  study  both  the  6  inch  and   3  inch  tele- 
scopic lenses  and  the  6  inch  and  3  inch  view  finder  objectives  were  used. 

The  camera  uses  a  50  foot  magazine  of  16mm  film.   Kodak  plus  X  black 
and  white  film  was  used  with  filming  done  at  a  speed  of  16  frames  per 
second.   The  camera  was  mounted  on  a  tripod  by  means  of  a  standard  socket 
found  at  the  bottom  of  the  camera. 

Projector 

The  projector  used  to  analyze  the  film  for  speed  and  lateral  place- 
ment was  a  model  SFDR- Time-Mot ion  L-W  Industrialist  Projector  (24)(see 
Figure  2).   This  projector  is  a  complete  modification  of  the  Eastman  Kodak 
Kodascope  16mm  Silent  Analyst  Projector  by  the  L-W  Photo  Products  Company 
of  Northridge,  California.   It  combines  special  purpose  data-analysis 
adaptations  with  the  precision  and  adaptability  of  the  Kodak  projector. 
The  projector  can  be  operated  at  movie  speed  forward  and  reverse  with 
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FIGURE     I.  16mm        MOTION      PICTURE     CAMERA 


FIGURE    2.     TIME     MOTION      STUDY     PROJECTOR     IN     OPERATION 
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instant  change  of  direction;  it  can  be  pulsed  for  sinple  frame  projection 
at  a  rate  dependent  upon  the  operators  wish  by  manual  push-button  control; 
it  has  a  special  shutter  to  minimize  flicker  at  low  rates;  it  will  project 
a  single  frame  as  a  still  picture  for  an  indefinite  period  without  loss  of 
illumination  or  damage  to  the  film;  it  has  a  frame  counter  which  adds  when 
the  projector  is  operating  forward  and  subtracts  when  it  is  operating  in 
reverse  and  can  be  reset  to  zero.   This  last  feature  allows  the  operator 
to  know  the  time  that  has  elapsed  between  any  two  exposures. 

This  projector  operates  as  a  motion  picture  projector  with  a  speed 
from  approximately  5  to  2k   frames  per  second  which  can  be  controlled  by  a 
variable  speed  control  knob.   It  can  be  pulse  operated  by  the  operator  at 
speeds  of  one  frame  per  second  and  can  be  pulsed  more  rapidly  to  cover 
the  range  from  one  to  five  frames  per  second. 

This  projector  projects  an  image  onto  a  mirror  that  reflects  the  image 
onto  a  ground  glass  screen.   This  screen  is  seven  inches  high  and  nine 
inches  wide.   Since  the  screen  is  small,  the  image  is  very  clear  and  easy 
to  see.  A  grid  line  can  be  drawn  on  the  screen  and  then  erased.  The  pro- 
jector can  also  be  operated  in  a  partially  lighted  room  thereby  reducing 
eyestrain. 

ELectro-Matic  Radar  Speed  Meter 

The  radar  meter  (21)  used  to  measure  the  instantaneous  speed  of  some 
moving  vehicles  in  this  study  is  shown  in  Figure  3«   As  with  all  such 
meters,  a  transmitter-receiver  unit  beams  a  micro-wave  radio  frequency  at 
an  advancing  or  receding  vehicle  in  the  operating  zone  and  receives  this 
same  frequency  back  plus  or  minus  a  doppler  shift.  The  doppler  shift  is 
measured  and  converted  to  the  speed  of  the  vehicle  and  is  read  directly 
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FIGURE      3.        ELECTRO-MATIC     RADAR     SPEED     METER 
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in  miles  per  hour  on  the  linear  scale  of  the  indicator.   The  meter  operates 
on  12  volts  DC  drawing  3- 75  ampereB.   When  in  operation  the  batteries  were 
regularly  checked  by  means  of  a  voltmeter  to  insure  apainst  speed  readings 
being  affected  due  to  fluctuation  of  chanpe  in  voltage.   The  instrument 
operates  within  a  range  from  zero  (0)  to  100  miles  per  hour  with  an  accur- 
acy of  plus  or  minus  two  (2)  miles  per  hour  throughout  the  range.   The 
radar  meter  is  linearly  calibrated  in  scale  divisions  of  two  (2)  miles  per 
hour.   When  using  the  meter,  vehicle  detection  is  effective  within  a  cone 
of  approximately  twenty  (20)  degrees  throughout  a  range  of  175  feet.   The 
above  range  holds  true  when  the  unit  is  placed  approximately  three  (3)  feet 
off  the  ground.   Increasing  the  height  of  the  unit  increases  the  range 
slightly,  and  conversely  decreasing  the  height  decreases  the  range  slightly. 
Thus  the  unit  was  placed  approximately  three  (3)  feet  off  the  ground  through- 
out the  study  (Figure  3)«   The  radar  meter  was  also  placed  so  that  its  beam 
was  at  an  angle  of  ten  (10)  degrees  or  less  with  respect  to  the  direction 
of  traffic.  By   making  this  angle  small,  any  error  in  the  speed  readings 
due  to  directional  factors  was  negligible. 

The  radar  meter  provides  an  indicated  speed  by  the  needle  swinging 
sharply  to  a  definite  reading  when  a  vehicle  comes  into  its  operating 
beam,  which  is  shaped  somewhat  like  a  spot  light  beam  and  has  very  much 
the  same  characteristics,  remaining  there  for  an  instant,  and  then  return- 
ing to  zero  when  the  car  passes  out  of  the  beam.   It  is  essential  that  the 
reading  be  maintained  for  an  instant  to  insure  a  true  reading.   At  the 
beginning  and  throughout  the  speed  study,  a  tuning  fork  was  used  for  cali- 
bration and  for  checking  of  the  meter.   This  tuning  fork  vibrated  at  a 
frequency  equivalent  to  that  which  would  register  60  miles  per  hour  on 
the  indicator. 
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Traficountera 

The  volumes  of  traffic  used  in  this  study  were  obtained  by  using 
standard  Model  RC  Traficounters  made  by  Streeter-Amet  Company  of  Chicago. 
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PROCEDURE 


Field 


The  data  on  speeds  and  lateral  placement  of  traffic  using  accelera- 
tion and  deceleration  lanes  were  obtained  by  use  of  motion  picture  techni- 
ques using  the  16mm  motion  picture  camera.   The  motion  picture  type  of 
study  was  selected,  after  consideration  of  various  other  methods,  as  being 
the  best  approach  to  study  and  analyze. 

Photography  has  been  used  in  time  and  motion  studies  by  industrial 
engineers  for  many  years.   Their  experience  had  indicated  that  time-motion 
photography  could  be  used  for  traffic  analysis  with  great  success  (6). 

The  motion  picture  type  of  survey  provides  an  accurate  method  of 
obtaining  all  necessary  data  for  studying  traffic  operational  character- 
istics.  A  permanent  record  of  all  collected  data  is  also  recorded  on 
film  which  then  may  be  rerun  many  times  so  that  a  given  traffic  situation 
can  be  studied  over  and  over  again  (6),  (17),  (16). 

Grid  lines  were  established  at  each  location  on  the  pavement  by  plac- 
ing transverse  paint  lines  on  the  pavement,  or  by  using  a  2  ft.  by  12  ft. 
board  covered  with  white  adhesive  tape  (Figure  O.   In  the  latter  case,  a 
movie  was  taken  with  the  board  placed  at  each  grid  line  location.   These 
grid  lines  were  placed  perpendicular  to  the  centerline  of  the  acceleration 
and  deceleration  lanes  at  specific  locations. 

The  filming  was  done  from  a  vantage  point,  usually  from  the  overpass 
over  the  main  facility  at  the  interchange.   The  camera  used  was  a  16mm 
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FIGURE     4.         2    x    12       FOOT       BOARD       FOR 

ESTABLISHING       GRID      LINES 
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Bell  and  Kowell  movie  camera  with  a  built-in  turret  head.   Both  the  6  inch 
and  the  3  inch  telescopic  lenses  were  used  in  the  study  but  due  to  the  dis- 
tance of  the  objects  to  be  filmed  the  6  inch  lense  was  used  in  most  loca- 
tions.  The  camera  was  operated  at  16  frames  per  second,  which  is  the  lowest 
number  of  frames  possible  on  this  type  of  camera.   This  was  found  to  be 
adequate  for  this  type  of  study  from  an  economical  and  accuracy  point  of 
view. 

This  relatively  slow  camera  speed  did  result  in  some  loss  of  accuracy 
for  high  vehicular  speeds.   For  example,  a  vehicle  travelling  a  distance 
of  50  feet  between  two  grid  lines,  during  18  frames  would  be  travelling  at 
a  speed  of  30  mph  while  during  19  frames  it  would  be  travelling  29  miles 
per  hour.  The  variation  per  frame  is  one  (l)  mile  per  hour.  On  the  other 
hand  if  only  9  frames  were  required  the  speed  would  be  61  miles  per  hour 
while  for  10  frames  it  would  be  55  miles  per  hour.  The  variation  per  frame 
at  this  speed  is  six  (6)  miles  per  hour.   The  minimum  sample  size  for  both 
acceleration  and  deceleration  lanes  was  computed  as  108  cars  on  the  basis 
of  an  average  possible  speed  error  of  four  (4)  miles  per  hour  per  frame. 
This  possible  error  corresponds  to  a  speed  of  about  50  miles  per  hour, 
which  was  the  average  anticipated  speed. 

One  person  recorded  on  film  the  traffic  operation  characteristics  of 
each  car  using  an  acceleration  or  deceleration  lane  during  the  study.   In 
the  case  of  acceleration  lanes,  movies  were  taken  of  each  car  as  it  passed 
a  designated  point,  usually  the  nose,  beyond  which  it  was  able  to  maneuver 
and  merge  onto  the  through  lanes,  and  until  the  left  rear  wheel  of  the 
car  crossed  from  the  acceleration  lane  onto  the  through  lane.  The  left 
rear  wheel  of  the  car  was  chosen  as  the  criterion  because  acceleration 


23 


lane  traffic  travelled  away  from  the  camera  and  therefore  was  visible, 
for  all  practical  purposes  the  instant  the  left  rear  wheel  crosses  from  the 
acceleration  lane  onto  the  through  lane  is  the  practical  initiation  of 
conflict  with  the  through  traffic  operation. 

As  for  the  deceleration  lane,  movies  were  taken  of  each  car  just  as 
its  left  front  wheel  crossed  from  the  through  lane  onto  the  deceleration 
lane  and  until  it  passed  a  designated  point  on  the  deceleration  lane,  usual- 
ly the  nose,  beyond  which  the  car  is  unable  to  maneuver  back  onto  the 
through  lane.  Here  the  left  front  wheel  of  the  car  was  chosen  because  for 
deceleration  lanes,  traffic  travelled  towards  the  camera  and  most  of  the 
car  by  that  point  had  left  the  through  lane  and  was  no  longer  a  conflict 
on  the  through  lanes.   A  field  record  of  each  car  wa3  kept  on  a  special 
sheet  and  all  special  operational  characteristics  were  noted,  as  for  example 
if  the  car  stopped  on  the  acceleration  lane. 

Spot  speeds  of  through  lane  traffic  were  measured  using  the  radar  me- 
ter.  The  meter  was  placed  on  a  stool  in  front  of  a  study  car  which  was 
parked  either  on  the  shoulder  or  in  the  median  strip  and  its  hood  raised 
as  if  it  were  disabled  (see  Figure  3).   This  concealed  the  meter  and  avoided 
suspicion  and  curiosity  from  drivers  who  otherwise  might  have  reduced  their 
travel  speed.   The  speed  was  measured  after  the  vehicle  had  passed  the  trans- 
mitter which  consequently  was  directed  to  transmit  the  beam  in  the  direction 
of  traffic  flow.   The  spot  speeds  of  through  traffic  were  measured  at  two 
locations  at  each  study  site.   The  first  of  these  was  "within  the  area  of 
conflict",  the  area  where  acceleration  or  deceleration  lanes  adjoined  the 
through  lane,  and  thus  being  an  area  of  conflict  between  through  traffic 
and  acceleration  or  deceleration  lane  traffic.   The  second  spot  speed  location 


2k 


was  "beyond  the  area  of  conflict",  a  point  which  was  approximately  a  mile 
before  or  after  the  interchange.   The  minimum  sample  size  taken  for  both 
locations  was  determined  to  be  150  cars. 

Spot  speeds  of  deceleration  lane  traffic  were  measured  at  three 
deceleration  lane  sites  using  the  radar  meter  as  an  attempt  to  determine 
where  traffic  destined  for  a  deceleration  lane  begins  to  decelerate  on  the 
through  lane  and  prior  to  the  beginning  of  the  deceleration  lane.   The 
radar  meter  was  placed  so  that  the  cars  approaching  the  deceleration  lane 
intersected  the  beam  at  the  specified  location,  but  only  cars  that  proceded 
to  use  the  deceleration  lane  were  recorded.   Here  sample  size  was  taken 
as  50  cars. 

Office 

The  film  was  analyzed  by  projecting  it  through  the  time-motion  study 
projector  (Figure  l).   A  grid  was  traced  on  the  screen  from  the  movies  to 
the  same  relative  scale  as  that  which  was  placed  on  the  pavement.   The 
vehicle  speeds  at  various  locations  on  the  acceleration  and  deceleration 
lanes  were  computed  using  the  grid  system  by  determining  the  distance 
traveled  during  a  time  period  which  was  obtained  from  the  number  of  frames 
each  vehicle  traveled  between  two  grid  lines.   The  lateral  placement  of 
the  vehicles  on  the  acceleration  or  deceleration  lanes  were  also  traced 
by  using  the  grid  system.  The  stations  at  which  the  left  rear  wheel  of 
acceleration  lane  traffic  and  left  front  wheel  of  deceleration  lane  traf- 
fic crossed  the  line  between  the  acceleration  or  deceleration  lane  and 
through  lanes  were  noted. 

The  average  speed,  the  85th  percentile  speed  and  the  standard  devia- 
tion (definition  of  statistical  terms  is  given  in  Appendix  A)  of  accelera- 
tion or  deceleration  lane  traffic  were  computed  at  station  0+00,  or  as 
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near  to  station  0+00  as  was  practical.   Station  0+00  was  located  near  the 
nose  of  each  acceleration  or  deceleration  lane  and  is  shown  for  each  study 
site  in  the  sketch  of  each  site  in  a  following  section  of  this  report. 

The  speed  data  were  grouped  by  100  foot  stations  according  to  the 
location  on  the  acceleration  or  deceleration  lane  where  traffic  merged  or 
diverged.   For  example  the  speed  data  for  all  vehicles  at  a  study  site 
which  merged  or  diverged  between  station  0+-00  and  station  1+-00  were  grouped 
for  analysis.   The  average  speed,  85th  percentile  speed,  standard  deviation 
and  percent  of  total  leaving  or  entering  between  stations  was  computed  for 
each  group.   This  85th  percentile  speed  and  percent  leaving  or  entering 
between  100  foot  stations  is  indicated  on  the  sketches  of  each  study  site 
which  are  included  in  a  following  section  of  this  report.  These  values 
are  indicated  at  the  midpoint  of  each  station  group.   A  single  value  for 
the  85th  percentile  speed  for  all  vehicles  entering  or  leaving  the  decelera- 
tion or  acceleration  lane  is  shown  on  these  same  sketches  in  parenthesis. 

A  cumulative  frequency  graph  of  lateral  placements  was  plotted  for 
each  study  site.  This  graph  was  developed  by  plotting  the  cumulative  per- 
cent of  vehicles  which  merged  or  diverged  into  or  from  the  through,  lane 
against  the  distance  from  the  nose  at  which  the  merges  or  divergences 
occurred.  It  was  found  that  the  cumulative  curves  thus  prepared  tended 
to  level  off  at  approximately  the  90  percent  point.  Thus  the  90th  percen- 
tile was  taken  as  an  important  criteria  for  determining  the  length  of  an 
acceleration  or  deceleration  lane  which  was  effectively  used. 
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STATISTICAL  ANALYSIS  PROCEDURES 

Statistical  procedures  were  used  in  the  analysis  of  the  speed  data 
for  the  following  two  cases : 

1.  To  determine  whether  the  difference  between  the  85th  percentile 
speed  of  through  lane  traffic  within  the  area  of  conflict  and 
that  beyond  the  area  of  conflict  was  significant;  and 

2.  To  determine  whether  the  difference  between  the  85th  percentile 
speed  of  the  through  lane  traffic  within  the  area  of  conflict 
and  the  average  85th  percentile  speed  of  the  acceleration  or 
deceleration  lane  traffic  as  it  merged  or  diverged  into  or  from 
the  through  lanes  was  significant. 

The  first  situation  was  a  case  of  testing  the  difference  between  two 
Pth  percentile  speeds  whose  basic  unit  was  in  mph.  The  speeds  were  assumed 
to  be  normally  distributed,  random  and  independent. 

The  hypothesis  to  be  tested  was  that  the  parameters  corresponding  to 
the  two  samples  were  equal. 

Hypothesis :  ^  P  =  Xj  P 

Alternate  Hypothesis:     X,  P/  L  P 


0.005  (two  tail  test). 
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Thus  the  statistic  is : 


X1P  -  X2P 


KTXtp  -  X 


IP  -  A2P 


X1P     -     X2P 

r~2~    ~r~ 

la?  +  <T2P 


(1) 


Where: 


X1P  °  ^^  percentile  speed 


<J~  X, p  -  Xjp  ■  Variance  of  the  difference 


2 

(TIP 


Variance  of  individual  sanrole 


The  following  relationship  exists  between  the  standard  deviation  of 
the  distribution  of  the  sample  percentiles  and  the  standard  deviation  of 
the  population: 


<TP 


h 


a~ 


V~n~ 


Where 


where 


Kp  =  Vp(i  E  p)    "  V  pq 
f  (f )  FTJT 


n 

(fP 

P 

q 


standard  deviation  of  the  population 

sample  size 

standard  deviation  of  the  sample  percentile 

fraction  or  percentile  i.e.:  P  =  100p 
1  -  p 

ordinate  to  a  standard  normal  curve  at  a 
point  with  ($)   area  below,  here  0.85 


Thus 


namely 


where 


CTP 


pq  x   l 

n  KJ1 


/(ni  -  1)  S]2  ♦  (n2  -  1)  S22 


nj  +  n2  -  2 


«i 


S^  -  E   (Xj  -  X)2 


i-1 


ft,  -  1 


J 
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As  in  this  case  n^  ■  n2  ■  n 


thus  fl"  "y\    S)2  *   S22 


therefore    Xip  -  ^p     -  Xip  -  J^p 

but       p  -  0.85      q  -  1-p  -  0.15 

n  =  150     t(f)   -  0.2331  and  Pth  =  85th 


Thus      Z  *  Xl  85th  ~  X2  85th 


(2) 


'(Sj2  +  S22)  x  .85  x  .15  x     1 

150      (.233D2 


(3) 


(xl  85th  ~  x2  85th)  x  8.01 


7   ^   +  S22 


The  value  of  QC  was  chosen  small  for  each  test,  equal  to  0.005,  because  in 

a  test  repeated  m  times,  the  probability  of  at  least  one  error  is  1  -  (l-oOm, 

rather  than  oc. 

An  oc  value  of  0. 005  implies  a  probability  of  error  on  the  repeated 
series  of  tests  of  <.10  for  m  «  15  for  acceleration  laneBand  m  =  13  for 
deceleration  lanes. 

The  value  of  oc  =  .005  (two  tail  test)  corresponds  to  a  Z  value  of 
2.81. 

The  same  assumptions  and  hypothesis  applied  for  the  second  deter- 
mination as  in  the  first  case. 
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In  this  case  the  number  of  sample  sizes  were  not  equal, 
i.e.   n-i  /  no 


n  =  150  and  n2  -  108 


Let  n  =■  harmonic  mean  which  is  defined  as  i 


n  » 


k 
1  £    1 
K  i«=l   n. 


n  -  1 -  125.8 


2  ^150   108 ' 


Using  in  this  case  a  weighted  average  of  <T  where 

(T   -  [TZ   -  lX^2)  +  (n2  -  1)  S22 


nl  +  n2  '  ? 


Substituting  values  of  <r  and  n  in  equation  (2)  of  previous  case. 

Thus     Z  -  *1P  "  *2P  (4) 

2  2 

(n1  -  1)  ^  +  (n2  -  1)  S2  x  pq  x     1    x  2 

nx  +  n2  -  2         n    f  (  ]>  )2 

X1P  ~  X2P 

(149  Sj_  ♦  107  S2  )  x  .85  x  .15  x    1    x  2 
256  125.8    (.2331)2 

(X1P  -  X2P)     x  7.33  (5) 


2        2 
149  &l  +  107  S2 

128 
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A  tabulated  summary  of  the  results  of  the  statistical  analysis  in 
terms  of  significant  or  not  significant  differences  is  given  in  Tables  1 
and  2  for  the  acceleration  lanes  and  Tables  3  and  h   for  the  deceleration 
lanes.   The  location  symbols  are  described  and  explained  in  the  next  sec- 
tion of  this  report. 

An  illustrative  example  for  both  Case  1  and  Case  2  is  given  in 
Appendix  A. 
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LOCATIONS  AND  RESULTS 


Acceleration  Lanea 


Figure  5  shows  on  a  map  of  the  State  of  Indiana  the  location  of  the 
acceleration  lanes  studied.   Pertinent  data  for  each  location  are  given  in 
Table  5.   These  locations  are  referenced  as  follows:  Ala,  A2b,  etc.  where 
the  "A"  stands  for  Acceleration  lane;  the  1,  2,  etc  for  the  type  of  ac- 
celeration lane  design;  and  a,  b,  etc.  for  the  location. 

Acceleration  Lanes,  Type  1 

One  type  of  acceleration  lane  studied  was  on  the  Indiana  Toll  Road 
and  is  of  the  design  shown  in  Figures  6  and  7.  The  length  of  the  acceler- 
ation lane  is  1200  ft.  from  the  end  of  the  ramp  curve  to  the  intersection 
with  the  right  edge  of  the  through  lane.   A  shoulder,  which  is  paved  but 
of  different  color,  separates  the  acceleration  lane  from  the  through  lane 
for  a  distance  of  577.82  ft.  For  some  of  this  distance,  a  curb  also  adjoins 
the  acceleration  lane.   Beyond  the  point  of  separation,  the  acceleration 
lane  is  an  extra  lane  with  a  52:1  straight  taper  from  a  width  of  twelve 
(12)  ft.  to  zero  (0)  ft.  in  a  distance  of  622.03  ft. 

Six  locations  of  this  type  of  acceleration  lane  were  studied.   At  two 
of  these  locations  the  acceleration  lane  meets  the  through  lane  on  a  tan- 
gent, at  a  third  on  a  tangent  and  also  on  the  downgrade  portion  of  a 
sag  vertical  curve,  at  a  fourth  location  on  a  right  curve,  at  a  fifth 
on  a  right  curve  and  also  on  the  upgrade  portion  of  a  crest  vertical  curve 
and  at  a  sixth  on  a  left  curve. 
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FIGURE     5.      STUDY    LOCATIONS    OF    ACCELERATION      AND     DECEL- 
ERATION    LANES 
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FIGURE       7.        VIEW    OF     ACCELERATION     LANE-TYPE     I 
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Station  0+00  was  taken  as  the  end  of  the  ramp  curb,  and  beyond  this 
point  acceleration  lane  traffic  could  merge  into  the  through  lanes.   Each 
location  also  exhibited  certain  special  characteristics  which  will  be 
described  separately. 

Location  Ala:  Indiana  Toll  Road  -  Middlebury  Interchange  - 
Acceleration  Lane  West  Bound 

The  acceleration  lane  meets  the  through  lane  on  a  tangent  at  this 
interchange  (see  Figure  8). 

The  annual  average  daily  traffic  (I960)  on  the  acceleration  lane  was 
620  vehicles  per  day  and  on  the  west  bound  through  lanes  was  3720  vehicles 
per  day.  This  interchange  is  located  in  a  rural  area  of  the  state  and  in 
the  summer  serves  the  vacation  traffic  to  the  lakes  in  the  vicinity. 

No  accidents  occurred  on  the  acceleration  lane  during  1959  and  I960. 

Figure  9  shows  the  results  of  the  speed  and  lateral  placement  study 
made  at  this  location.  On  this  figure,  as  on  similar  figures  for  the 
other  locations  of  acceleration  and  deceleration  lanes  studied,  85th  per- 
centile speeds  are  shown  for  acceleration  lane  traffic  and  for  through  lane 
traffic.  For  acceleration  lane  traffic,  the  85th  percentile  speed  is  given 
for  Station  0+00  and  for  all  vehicles  which  left  the  acceleration  lane  in 
each  100  feet  thereafter  and  at  the  time  of  merging.  The  percentage  of  the 
total  non-stopping  vehicles  using  the  acceleration  lane  which  left  the  lane 
in  each  100  feet  and  the  cumulative  percentage  leaving  at  the  end  of  each 
100  feet  are  also  given.  The  average  85th  percentile  speed  of  all  vehicles 
using  the  acceleration  lane  and  at  the  time  of  merging,  except  those  which 
stopped,  is  shown  by  a  number  in  parenthesis,  (55)  in  Figure  9.  The  85th 
percentile  speed  for  through  lane  traffic  is  given  for  a  point  within  the 
area  of  merging  and  at  a  point  approximately  one  (l)  mile  from  this  area. 
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All  percentages  of  acceleration  lane  traffic  used  in  this  report  refer 
to  the  total  vehiclesusing  the  lane  who  did  not  stop  before  entering  the 
through  lane. 

The  85th  percentile  speed  of  acceleration  lane  traffic  for  location 
Ala  at  Station  CH-00  was  48  mph  (see  Figure  9).   The  difference  between  the 
85th  percentile  speed  of  through  traffic  within  the  area  of  conflict  and 
the  average  85th  percentile  speed  of  acceleration  lane  traffic  as  it  merged 
into  the  through  lane  was  14  mph  (69-55).   This  difference  is  significant 
and  indicates  that  most  of  this  acceleration  lane  traffic  did  not  acceler- 
ate to  about  the  same  speed  before  merging  with  through  lane  traffic. 

The  difference  between  the  85th  percentile  speed  of  through  lane  traf- 
fic within  the  area  of  conflict  and  that  beyond  the  area  of  conflict  was 
zero  (0X69-69). 

Ninety  percent  of  the  traffic  using  the  acceleration  lane  merged 
into  the  through  lane  prior  to  Station  4+50.   This  shows  that  the  majority 
of  drivers  merged  within  a  distance  of  about  185  feet  (4+50-2+65)  beyond 
the  point  of  separation  of  the  acceleration  lane  from  the  through  lane  by 
means  of  the  paved  shoulder. 

For  this  52:1  taper  design  and  at  this  location  the  natural  straight 
path  of  the  left  wheels  of  acceleration  lane  vehicles  intersects  the  edge 
of  the  through  lanes  between  Stations  4+00  and  5+00.  Only  18.5  percent 
of  acceleration  lane  traffic,  however,  merged  in  this  area.   The  majority, 
79.6  percent,  merged  between  Stations 3+00  and  4+00.   It  thus  merged  earlier 
than  the  natural  straight  path  and  at  significantly  lower  speeds  than 
through  lane  traffic. 
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A  small  percentage,  1.9  percent,  merged  into  the  through  lanes  between 
Stations  5+00  and  6+00  at  an  85th  percentile  speed  of  51  mph.   This  small 
percentage  of  vehicles  made  use  of  a  longer  distance  of  the  acceleration 
lane  and  yet  they  merged  at  lower  speeds  than  those  at  the  previous  indi- 
cated locations.   The  reasons  for  this  are  either  that  these  cars  had  to 
slow  down  due  to  conflicts  with  through  traffic  or  that  the  drivers  hesi- 
tated before  merging  due  to  inexperience  of  driving  on  high  type  facilities 
or  not  understanding  the  proper  usage  of  acceleration  lanes. 

Of  all  vehicles  using  this  acceleration  lane,  one  (l)  percent  stopped 
on  the  acceleration  lane. 

These  results  indicate  that  at  this  location,  this  type  of  accelera- 
tion lane  design  is  not  being  properly  used  by  the  majority  of  drivers. 

Location  Alb:  Indiana  Toll  Road  -  Gary  West  Interchange  - 
Acceleration  Lane  West  Bound 

At  this  location  the  acceleration  lane  meets  the  through  lane  on  a 
tangent  (see  Figure  10).   The  median  is  20  ft.  wide  with  a  raised  barrier 
in  the  center  instead  of  the  standard  50  ft.  wide  median.  The  curb  ad- 
joining the  acceleration  lane  is  longer  than  in  the  typical  design  (Figure 
6)  and  extends  to  within  about  100  ft.  of  the  end  of  the  shoulder  separat- 
ing the  acceleration  lane  and  the  through  lane. 

The  annual  average  daily  traffic,  on  the  acceleration  lane  was  1310 
vehicles  per  day  and  on  the  through  lanes  west  bound  was  7860  vehicles  per 
day.  This  interchange  is  located  in  an  urban  area  of  the  state  and  serves 
mostly  local  traffic  between  the  city  of  Chicago  and  the  industrial  area 
in  the  city  of  Gary. 
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Two  accidents  were  reported  on  this  acceleration  lane  for  the  year 
of  1959*   Both  accidents  were  caused  by  drivers  travelling  too  faBt  on  the 
entrance  ramp  curve.   No  accidents  occurred  in  I960. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station  OX 
was  54  mph  (see  Figure  11).  The  difference  between  the  85th  percentile 
speed  of  through  traffic  within  the  area  of  conflict  and  the  average  85th 
percentile  speed  of  acceleration  lane  traffic  as  it  merged  into  the  through 
lane  was  three  (3)  mph  (65-62).  This  speed  differential  is  not  significant. 

The  difference  between  the  85th  percentile  speed  of  the  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  zero  (0)(65-65). 

About  90  percent  of  the  acceleration  lane  vehicles  merged  into  the 
through  lane  prior  to  Station  3+00.  The  majority  of  drivers  merged  within 
the  first  200  feet  (3+00  -  1+00 )  beyond  the  point  of  separation  of  the 
acceleration  lane  from  the  through  lanes. 

The  natural  straight  path  of  the  left  wheels  of  acceleration  lane 
vehicles  at  this  location  intersects  the  through  lane  between  Stations 
2+00  and  3+00.  In  this  area,  80.6  percent  of  the  acceleration  lane  traf- 
fic merged  into  the  through  lane  at  an  85th  percentile  speed  of  62  mph. 

A  very  small  percentage  of  the  acceleration  lane  traffic,  2.8  percent, 
merged  between  Stations  4+00  and  5+00  at  an  85th  percentile  speed  of  53  mph. 
This  speed  is  considerably  less  (9  mph)  than  the  speed  at  which  all  the 
acceleration  lane  traffic  merged.  The  reasons  for  this  condition  could 
be  the  same  as  those  previously  stated  for  the  preceding  acceleration  lane. 

Of  all  vehicles  using  the  acceleration  lane,  10.7  percent  stopped  on 
the  acceleration  lane.  This  is  a  relatively  high  percentage  and  may  be 
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due  to  the  fact  that  some  of  general  public  using  the  facility  at  this 
location  are  not  properly  informed  as  to  the  proper  use  of  acceleration 
lanes. 

The  results  at  this  location,  except  for  the  stopping  vehicles,  ap- 
proach the  optimum  conditions  of  operations  for  acceleration  lanes,  as 
the  majority  of  acceleration  lane  traffic  merged  in  approximately  the 
same  direction  of  travel  and  at  about  the  same  speed  as  the  through  lane 
traffic.   A  comparison  of  these  results  with  those  of  the  previous  case, 
Ala,  shows  that  these  are  not  similar  even  though  both  locations  have  the 
same  acceleration  lane  design  and  the  same  geometric  condition,  i.e. 
tangent.   This  indicates  that  other  factors,  such  as  type  of  drivers  us- 
ing the  lane  and  traffic  volume,  may  have  a  significant  bearing  upon  the 
results. 

Location  Ale :  Indiana  Toll  Road  -  Michigan  City  Interchange  - 
Acceleration  Lane  West  Bound 

The  acceleration  lane  at  this  location  meets  the  through  lane  on  a 
tangent  and  on  the  downgrade  portion  of  a  sag  vertical  curve  (see  Figure 
12). 

The  annual  averate  daily  traffic  on  the  acceleration  lane  was  870 
vehicles  per  day  and  on  the  west  bound  through  lanes  was  5950  vehicles 
per  day.   This  interchange  is  located  in  a  rural  area.   It  intersects 
U.  S.  U21  which  runs  north  to  Michigan  City  and  south  to  Indianapolis. 

One  accident  was  reported  for  the  year  I960  and  was  caused  by  a 
driver  stopping  on  the  acceleration  lane.   No  accidents  were  reported  in 
1959. 
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The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station  OCX) 
was  54  mph  (see  Figure  13).   The  difference  between  the  85th  percentile 
speed  of  through  lane  traffic  within  the  area  of  conflict  and  the  average 
85th  percentile  speed  of  acceleration  lane  traffic  as  it  merged  into  the 
through  lanes  was  ten  (10 )  mph  (67-57).   This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  zero  (0) (67-67). 

About  90  percent  of  the  acceleration  lane  vehicles  merged  into  the 
through  lane  prior  to  Station  5+00.   Here  again  the  majority  of  drivers 
merged  within  the  first  200  feet  (5+00  -  3+00 )  beyond  the  point  of  separa- 
tion of  the  acceleration  lane  from  the  through  lane  by  means  of  the  paved 
shoulder. 

The  natural  straight  path  of  the  left  wheels  of  the  acceleration  lane 
traffic  intersects  the  through  lane  at  this  location  between  Stations  4+00 
and  5+00,  where  86.1  percent  of  the  acceleration  lane  traffic  merged  into 
the  through  lane  at  an  85th  percentile  speed  of  55  mph.  A  small  percentage, 
4.6  percent,  of  acceleration  lane  traffic  merged  between  Stations  5+00  and 
6+00  at  an  85th  percentile  speed  of  70  mph.  This  small  percentage  of 
vehicles  thus  made  use  of  a  longer  distance  of  the  acceleration  lane  and 
accelerated  to  about  same  speed  as  through  lane  traffic  before  merging. 
These  drivers  approached  the  optimum  conditions  of  operation  for  accelera- 
tion lanes  as  they  merged  at  approximately  the  same  speed  and  in  the  same 
direction  of  travel  as  the  through  lane  traffic. 

Of  all  vehicles  using  the  acceleration  lane9  1.8  percent  stopped  on 
the  acceleration  lane. 
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These  results  show  that  at  this  location  and  for  this  geometric  con- 
dition the  majority  of  drivers  are  not  properly  using  this  acceleration 
lane  from  the  speed  point  of  view. 

By  comparing  these  results  with  the  previous  two  cases,  Ala  and  Alb, 
it  is  evident  that  the  majority  of  drivers  in  this  case  merge  at  about 
same  speed  as  in  the  first  case  (Ala)  but  at  lower  speeds  than  in  the 
second  case  (Alb).   This  indicates  that  the  acceleration  lane  being  on  the 
downgrade  portion  of  a  sag  vertical  curve  may  affect  the  speed  of  merging 
traffic. 

Location  Aid:  Indiana  Toll  Road  -  Chesterton- Valparaiso  Interchange  - 
Acceleration  Lane  West  Bound 

The  acceleration  lane  at  this  location  meets  the  through  lane  on  a 
slight  right  horizontal  curve  (see  Figure  14). 

The  annual  average  daily  traffic,  on  this  acceleration  lane  was  650 
vehicles  per  day  and  on  the  through  lanes  west  bound  was  6420  vehicles 
per  day.  This  interchange  is  located  in  a  rural  area.  It  intersects 
State  Road  39  which  serves  Chesterton  to  the  north  and  Valparaiso  to  the 
south. 

No  accidents  were  reported  on  this  acceleration  lane  for  the  years 
1959  and  I960. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station 
0+00  was  57  mph  (see  Figure  15).  The  difference  between  the  85th  percen- 
tile speed  of  through  lane  traffic  within  the  area  of  conflict  and  the 
average  85th  percentile  speed  of  acceleration  lane  traffic  as  it  merged 
into  the  through  lane  was  three  (3)  mph  (67-64).  This  difference  is  not 
significant. 
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The  difference  between  the  85th  percentile  speeds  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  two  (2)  mph  (69-67).  This  difference  also  is  not  significant. 

About  90  percent  of  acceleration  lane  vehicles  merged  into  the  thro 
lane  prior  to  Station  4+60.   This  indicates  that  the  majority  of  drivers 
merged  within  the  first  260  feet  (4+60-2+00)  beyond  the  point  of  separation 
of  the  acceleration  lane  from  the  through  lane. 

The  natural  straight  path  of  the  left  wheels  of  acceleration  lane 
traffic  intersects  the  through  lane  between  Stations  3+00  and  4+00  where 
only  36.1  percent  of  acceleration  lane  traffic  merged  into  the  through  lane 
and  at  an  85th  percentile  speed  of  66  mph.  The  highest  portion,  51.9  per- 
cent, of  acceleration  lane  traffic  merged  between  Stations  4+00  and  5+00 
at  an  8$th  percentile  speed  of  61  mph.  Thus  about  half  of  the  drivers 
utilized  correctly  most  of  the  length  of  the  acceleration  lane.   This  could 
be  due  to  the  effect  of  the  right  curve  which  tended  to  cause  drivers  to 
follow  the  curve  on  the  acceleration  lane  and  then  merge  with  through 
traffic.   On  the  other  hand,  these  drivers  merged  at  lower  speeds  than  those 
of  several  previously  discussed  locations.   A  small  percentage,  2.8  percent, 
of  acceleration  lane  traffic  crossed  over  the  paved  shoulders  and  merged 
between  Stations  0+00  and  2+00. 

Of  all  vehicles  using  the  acceleration  lane,  3.6  percent  stopped  on 
this  acceleration  lane. 

These  results  indicate  that  at  this  location  and  for  this  geometric 
condition,  many  of  the  drivers  tended  to  approach  the  optimum  conditions 
of  operations  for  acceleration  lanes  as  they  merged  in  approximately  the 
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same  direction  of  travel  and  at  the  same  speed  as  through  lane  traffic. 

Location  Ale:  Indiana  Toll  Road  -  LaPorte  Interchange  - 
Acceleration  Lane  West  Bound 

The  acceleration  lane  at  this  location  meets  the  through  lane  on  a 
slight  right  horizontal  curve  and  on  the  upgrade  portion  of  a  crest  verti- 
cal curve  (see  Figure  16). 

The  annual  average  daily  traffic  on  the  acceleration  lane  was  1230 
vehicles  per  day  and  on  the  through  lanes  west  bound  was  5030  vehicles 
per  day.  This  interchange  is  located  in  a  rural  area.  It  intersects 
State  Road  39  which  serves  the  city  of  LaPorte  to  the  south. 

No  accidents  were  reported  on  this  acceleration  lane  for  the  years 
1959  and  I960. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station 
0+00  was  48  mph  (see  Figure  17).  The  difference  between  the  85th  percen- 
tile speed  of  through  lane  traffic  within  the  area  of  conflict  and  the 
average  85th  percentile  speed  of  acceleration  lane  traffic  as  it  merged 
into  the  through  lane  was  12  mph  (66-54).  This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  zero  (0)  mph  (66-66). 

Approximately  90  percent  of  acceleration  lane  vehicles  merged  into 
the  through  lane  prior  to  Station  4+00,  This  shows  that  the  majority  of 
drivers  merged  within  a  distance  of  about  200  feet  (4+00  -  2+00)  beyond 
the  point  of  separation  of  the  acceleration  lane  from  the  through  lane. 
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The  natural  straight  path  of  the  left  wheels  of  the  acceleration  lane 
traffic  intersects  the  through  lane  between  Stations  3+00  and  4+00  where 
75  percent  of  the  acceleration  lane  traffic  merged  into  the  through  lane 
at  an  85th  percentile  speed  of  54  mph.   At  this  location,  as  at  a  previous- 
ly discussed  site,  a  small  percentage,  1.8  percent,  of  acceleration  lane 
traffic  crossed  over  the  paved  shoulders  and  merged  between  Stations  1+00 
and  2+00. 

Of  all  vehicles  using  the  acceleration  lane,  3«7  percent  stopped  on 
the  acceleration  lane. 

These  results  indicate  clearly  that  at  this  location  and  for  this 
geometric  condition,  this  type  of  acceleration  lane  design  is  not  being 
properly  used  by  many  of  the  drivers.   By  comparing  these  results  with 
those  of  the  previous  case,  Aid,  it  is  evident  that  some  of  the  drivers 
at  this  site  merged  at  lower  speeds  and  after  using  a  shorter  distance  of 
the  acceleration  lane.   This  may  indicate  that  the  different  geometric 
condition  of  this  acceleration  lane,  i.e.  being  on  the  upgrade  portion  of 
a  crest  vertical  curve,  has  a  significant  adverse  bearing  upon  the  results. 

Location  Alf :  Indiana  Toll  Road  -  Gary  East  Interchange  - 
Acceleration  Lane  East  Bound 

The  acceleration  lane  at  this  site  meets  the  through  lane  on  a  slight 
left  horizontal  curve  (see  Figure  18). 

The  annual  average  daily  traffic  on  the  acceleration  lane  was  590 
vehicles  per  day  and  on  the  through  lanes  eastward  6520  vehicles  per  day. 
This  interchange  is  located  in  an  urban  area.   It  intersects  U.  S.  12  and 
U.  S.  20,  and  the  studied  acceleration  lane  serves  mostly  through  traffic 
travelling  eastward  on  the  Toll  Road  from  these  state  highways  and  the 
surrounding  area  and  traffic  from  the  nearby  Tri-State  highway. 
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No  accidents  were  reported  on  this  acceleration  lane  for  the  years 
1959  and  I960. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station 
0+00  was  58  mph  (see  Figure  19).   The  difference  between  the  e5th  percen- 
tile speed  of  through  lane  traffic  within  the  area  of  conflict  and  the 
average  85th  percentile  speed  of  acceleration  lane  traffic  as  it  merged 
into  the  through  lane  was  one  (l)  mph  (64-63).  This  difference  is  not 
significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  five  (5)  mph  (69-64).  This  difference  is  significant  and  indicates 
that  at  this  location  some  of  the  drivers  of  through  traffic  vehicles  slowed 
at  the  interchange. 

Ninety  (90)  percent  of  acceleration  lane  vehicles  merged  into  the 
through  lane  prior  to  Station  3+90.  The  majority  of  drivers,  therefore, 
merged  within  a  distance  of  about  190  feet  (3+90  -  2+00)  beyond  the  point 
of  separation  of  the  acceleration  lane  from  the  through  lane. 

The  natural  straight  path  of  entry  of  the  left  wheels  of  acceleration 
lane  traffic  intersects  the  through  lane  between  Stations  3+00  and  4+00 
where  91.7  percent  of  acceleration  lane  traffic  merged  into  the  through 
lane  at  an  85th  percentile  speed  of  63  mph. 

Of  all  vehicles  using  the  acceleration  lane,  none  stopped  on  the 
acceleration  lane. 

The  results  at  this  location  approach  the  optimum  condition  of  opera- 
tion for  acceleration  lanes,  as  the  acceleration  lane  traffic  here  merges 
in  approximately  the  same  direction  of  travel  and  at  the  same  speed  as 
the  through  lane  traffic. 
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Acceleration  Lanes,  Type  2 

The  second  type  of  acceleration  lane  studied  is  shown  in  Figure  20 
and  a  photograph  of  a  highway  with  a  typical  lane  of  this  type  is  shown 
in  Figure  21.  The  acceleration  lane  is  of  the  parallel  type  having  a  full 
width  lane  for  350  feet  and  2*00  feet  of  taper. 

Five  locations  were  studied  of  this  type  of  acceleration  lane.   At 
three  of  the  locations  the  acceleration  lane  meets  the  through  lane  on  a 
tangent,  at  the  fourth  location  on  a  right  curve,  and  at  the  fifth  loca- 
tion on  a  left  curve. 

Station  0+00  for  this  type  of  lane  was  taken  to  be  at  the  nose.   Be- 
yond this  point  acceleration  lane  traffic  could  merge  into  the  through 
lane.  Each  of  the  locations  exhibited  certain  special  characteristics  and 
each  will  be  described  separately. 

Location  A2a:  Interstate  65  and  State  Road  39  Interchange  - 
Acceleration  Lane  North  Bound 

The  acceleration  lane  at  this  site  meets  the  through  lane  on  a  tangent 
(see  Figure  22).  The  annual  average  daily  traffic  on  the  acceleration 
lane  was  260  vehicles  per  day  and  on  the  through  lanes  north  bound  was 
4550  vehicles  per  day. 

This  interchange  is  located  in  a  semi-urban  area.  Most  of  the  traf- 
fic using  this  acceleration  lane  comes  from  the  surrounding  region  west  of 
the  interchange,  and  very  little  traffic  from  the  city  of  Lebanon.  No 
accidents  were  reported  on  this  acceleration  lane  since  the  facility  was 
opened  to  traffic  in  July  I960  until  July  1961. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station 
0+00  was  42  mph  (see  Figure  23).  The  difference  between  the  85th  percentile 
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FIGURE     21.        VIEW    OF    ACCELERATION     LANE-TYPE    2 
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speed  of  through  traffic  within  the  area  of  conflict  and  the  average  85th 
percentile  speed  of  the  acceleration  lane  traffic  as  it  merged  into  the 
through  lane  was  19  mph  (66—47).  This  difference  is  significant  and  indi- 
cates that  most  of  the  acceleration  lane  traffic  did  not  accelerate  to 
about  the  same  speed  as  through  traffic  before  merging. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  two  (2)  mph  (68-66).   This  difference  is  not  significant  and  shows 
that  at  this  location  most  of  the  through  traffic  drivers  did  not  slow 
for  this  interchange. 

The  acceleration  lane  traffic  merged  into  the  through  lane  for  the 
entire  length  of  the  acceleration  lane  at  low  speeds  and  with  no  definite 
pattern.   About  90  percent  of  the  acceleration  lane  vehicles  merged  into 
the  through  lane  prior  to  Station  4+50.  This  indicates  that  the  majority 
of  drivers  merged  while  on  the  straight  portion  of  the  acceleration  lane 
and  not  on  the  tapered  portion  as  this  type  of  design  suggests. 

Of  all  vehicles  using  the  acceleration  lane,  9-3  percent  stopped  on 
the  acceleration  lane.  This  is  a  relatively  high  percentage  and  may  be 
due  to  the  fact  that  the  general  public  using  these  facilities  is  not 
properly  informed  as  to  the  proper  use  of  acceleration  lanes. 

These  results  indicate  clearly  that  this  type  of  acceleration  lane 
design  is  not  being  properly  used  by  drivers  at  this  location. 

Location  A2b:  Tri-State  and  Kennedy  Avenue  Interchange  - 
Acceleration  Lane  East  Bound 
The  acceleration  lane  here  meets  with  the  through  lane  on  a  tangent 
(see  Figure  24). 
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The  annual  average  daily  traffic  on  the  acceleration  lane  was  680 
vehicles  per  day  and  on  the  through  lanes  west  bound  was  1^200  vehicles 
per  day.   This  interchange  is  located  in  an  urban  area  and  serves  mostly 
traffic  from  south  of  the  interchange  which  wishes  to  travel  eastward  on 
the  Tri-State  Highway.   No  accidents  were  reported  on  this  acceleration 
lane  for  the  yeare 1959  and  I960. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station 
0+00  was  k7   mph  (see  Figure  25).  The  difference  between  the  85th  percen- 
tile speed  of  through  traffic  within  the  area  of  conflict  and  the  average 
85th  percentile  speed  of  the  acceleration  lane  traffic  as  it  merged  into 
the  through  lane  was  11  mph  (62-51).  This  difference  is  significant.  The 
difference  between  the  85th  percentile  speed  of  through  lane  traffic  within 
the  area  of  conflict  and  that  beyond  the  area  of  conflict  was  zero  (0) 
mph  (62-62). 

At  this  location  the  acceleration  lane  traffic  merged  into  the  through 
lane  for  the  entire  length  of  the  acceleration  lane  at  low  speeds  and  with 
no  definite  pattern,  similarly  to  that  for  the  previous  location  discussed. 
Approximately  90  percent  of  the  vehicles  using  the  acceleration  lane  merged 
into  the  through  lane  prior  to  Station  5+00  with  the  majority  of  drivers 
merging  while  on  the  straight  portion  of  the  acceleration  lane. 

A  relatively  high  percentage,  16  percent,  of  the  cars  using  the  ac- 
celeration lane  stopped  on  the  acceleration  lane  before  entering  the  through 
lane.   This  percentage  is  higher  than  the  previous  case  (A2a)  and  may  be 
due  to  the  heavier  volume  of  traffic  on  the  through  lane  at  this  location. 

These  results  indicate  clearly  that  this  type  of  acceleration  lane 
design  is  not  being  properly  used  by  drivers  at  this  location. 
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Location  A2c :  Interstate  74  and  Post  Road  Interchange  - 
Acceleration  Lane  East  Bound 

The  acceleration  lane  at  this  site  meets  the  through  lane  on  a  tangent 
(see  Figure  26). 

The  annual  average  daily  traffic  on  the  acceleration  lane  was  1130 
vehicles  per  day  and  on  the  through  lane  east  bound  was  3030  vehicles 
per  day.  This  interchange  is  located  in  an  urban  area.  Most  of  the  traf- 
fic using  this  acceleration  lane  is  through  traffic  by-passing  the  city  of 
Indianapolis  via  State  Road  100  and  Post  Road  and  going  east  bound  toward 
Cincinnati.  No  accidents  were  reported  on  this  acceleration  lane  since 
the  facility  was  opened  to  traffic  in  October  I960  until  July  1961. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station  0+00 
was  55  mph  (see  Figure  2?).   The  difference  between  the  85th  percentile 
speed  of  through  traffic  within  the  area  of  conflict  and  the  average  85th 
percentile  speed  of  the  acceleration  lane  traffic  as  it  merged  into  the 
through  lane  was  six  (6)  mph  (61-55).  This  difference  is  significant. 
The  difference  between  the  85th  percentile  speed  of  through  traffic  within 
the  area  of  conflict  and  that  beyond  the  area  of  conflict  was  two  (2)  mph 
(63-61).  The  difference  is  not  significant. 

Approximately  90  percent  of  the  vehicles  using  the  acceleration  lane 
merged  into  the  through  lane  prior  to  Station  3+85.   Thus  the  majority  of 
drivers  merged  while  still  on  the  straight  portion  of  the  acceleration 
lane,  with  about  half  of  them,  49-1  percent,  merging  between  Station  1+00 
and  2+00.  tost  drivers  did  not  use  this  acceleration  lane  properly  as  they 
merged  at  the  same  speed  as  traffic  was  travelling  at  Station  0+00.   Of 
all  vehicles  using  the  acceleration  lane,  4.4  percent  stopped  on  the  acceler- 
ation lane. 
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These  results  indicate  clearly  that  this  type  of  acceleration  lane 
design  is  not  being  properly  used  by  many  of  the  drivers  at  this  location. 

By  comparing  these  results  with  those  of  the  previous  two  locations, 
A2a  and  A2b,  it  is  evident  that  although  the  three  locations  have  the  same 
type  of  acceleration  lane  design  operating  under  similar  geometric  condi- 
tions, i.e.  tangent,  the  results  are  not  similar.  This  also  indicates 
that  other  factors  such  as  type  of  driver  and  traffic  volume  may  have  a 
significant  bearing  upon  the  results. 

Location  A2d:  Interstate  65  and  State  Road  60  Interchange  - 
Acceleration  Lane  South  Bound 

At  this  site  the  acceleration  lane  meets  the  through  lane  on  a  slight 
right  horizontal  curve  (see  Figure  28). 

The  annual  average  daily  traffic  on  the  acceleration  lane  was  880 
vehicles  per  day  and  on  the  through  lane  south  bound  was  4530  vehicles 
per  day.  This  interchange  is  located  in  a  rural  area.  Host  of  the  traffic 
using  this  acceleration  lane  is  local  traffic  from  city  of  Salem  and  the 
area  west  of  the  interchange  and  is  travelling  to  Jeffersonville  to  the 
south.   No  accidents  were  reported  on  this  acceleration  lane  since  the 
facility  was  opened  to  traffic  in  October  I960  until  July  1961. 

The  85th  percentile  speed  of  acceleration  lane  traffic  at  Station 
0+00  was  42  mph  (see  Figure  29).  The  difference  between  the  85th  percen- 
tile speed  of  through  traffic  within  the  area  of  conflict  and  the  average 
85th  percentile  speed  of  the  acceleration  lane  traffic  as  it  merged  into 
the  through  lane  was  14  mph  (64-50).  This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
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was  six  (6)  mph  (64-5#).  This  difference  is  also  significant  and  indicates 
that  at  this  location  some  of  the  through  traffic  drivers  were  travelling 
faster  at  the  interchange  site  than  at  a  point  one  (l)  mile  pa3t  the  inter- 
change location. 

The  acceleration  lane  traffic  merged  into  the  through  lane  for  the 
entire  length  of  the  acceleration  lane  and  with  no  definite  pattern  and 
at  speeds  much  lower  than  that  of  the  through  lane  traffic.   About  90 
percent  of  the  acceleration  lane  vehicles  merged  into  the  through  lane  prior 
to  Station  6+00,  which  lies  on  the  taper  portion  of  the  acceleration  lane. 
At  this  location  the  majority  of  drivers  merged  while  on  the  straight  por- 
tion of  the  acceleration  lane,  but  a  higher  percentage  of  drivers  merged 
from  the  tapered  portion  and  utilized  more  length  of  the  acceleration  lane 
than  drivers  did  at  the  previous  locations  studied.   This  may  be  due  to 
the  effect  of  the  right  curve  in  encouraging  drivers  to  follow  the  curve 
on  the  acceleration  lane. 

Of  all  the  vehicles  using  the  acceleration  lane,  14.3  percent  stopped 
on  the  lane.  This  is  a  relatively  high  percentage. 

These  results  indicate  clearly  that  for  this  geometric  condition  and 
type  of  design  of  the  acceleration  lane,  the  drivers  were  not  properly 
using  the  acceleration  lane  at  this  location. 

Location  A2e :  Interstate  65  and  State  Road  39  Interchange  - 
Acceleration  Lane  South  Bound 

The  acceleration  lane  at  this  location  meets  the  through  lane  on  a 
slight  left  horizontal  curve  (see  Figure  22). 

The  annual  average  daily  traffic  on  the  acceleration  lane  was  1380 
vehicles  per  day  and  on  the  through  lanes  south  bound  was  4170  vehicles 
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per  day.   This  interchange  is  located  in  a  semi-urban  area.   Most  of  the 
traffic  using  this  acceleration  lane  is  local  traffic  from  the  city  of 
Lebanon  travelling  south  to  Indianapolis.   No  accidents  vere  reported  on 
this  acceleration  lane  since  the  facility  was  opened  to  traffic  in  July 
I960  until  July  1961. 

The  85th  percentile  speed  of  the  acceleration  lane  traffic  at  Station 
0+00  was  44  mph  (see  Figure  30).   The  difference  between  the  85th  percentile 
speed  of  through  traffic  within  the  area  of  conflict  and  the  average  85th 
percentile  speed  of  the  acceleration  lane  traffic  as  it  merged  into  the 
through  lane  was  20  mph  (66-46).  This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  traffic 
within  the  area  of  conflict  and  that  beyond  the  area  of  conflict  was  one  (l) 
mph  (67-66).   This  difference  is  not  significant.   Approximately  90  per- 
cent of  the  vehicles  using  this  acceleration  lane  merged  into  the  through 
lane  prior  to  Station  4+15.   Thus  the  majority  of  drivers  merged  while 
still  on  the  straight  portion  of  the  acceleration  lane,   tore  than  half, 
55*6  percent,  of  the  acceleration  lane  traffic  merged  between  StationsO+00 
and  1+00  at  an  85th  percentile  speed  of  44  mph.  This  indicates  that  more 
than  half  of  the  acceleration  lane  traffic  merged  into  the  through  lane  as 
soon  as  possible  after  they  passed  the  nose  and  as  a  result  at  too  low  a 
speed.  One  of  the  causes  of  this  result  is  most  probably  the  effect  the 
left  curve  has  on  drivers.  The  remainder  of  acceleration  lane  traffic 
merged  all  along  the  remaining  length  of  the  acceleration  lane  with  no 
definite  pattern  and  at  speeds  much  lower  than  that  of  the  through  lane 
traffic. 

A  relatively  high  percentage  -  10.7  percent  -  of  the  cars  using  the 
lane  stopped  on  this  acceleration  lane  before  entering  the  through  lane. 
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These  results  indicate  clearly  that  for  the  conditions  and  the  type  of 
design  of  the  acceleration  lane,  drivers  were  not  properly  using  this 
acceleration  lane. 

Acceleration  Lanes,  Type  3 

The  third  type  of  acceleration  lane  studied  is  illustrated  in  Figure 
31  and  a  photograph  of  a  typical  highway  with  such  a  lane  is  shown  in 
Figure  32.   The  acceleration  lane  is  of  the  parallel  type  having  a  full 
width  lane  of  250  feet  plus  250  feet  of  taper. 

Two  locations  of  this  type  of  acceleration  lane  were  studied.  At 
the  first  location  the  acceleration  lane  meets  the  through  lane  on  a 
tangent  and  at  the  second  on  a  left  curve.   No  suitable  location  could  be 
found  where  the  acceleration  lane  met  the  through  lane  on  a  right  curve. 

Station  0+00  was  taken  for  this  type  of  design  to  be  at  the  nose.  Be- 
yond this  point  the  acceleration  lane  traffic  could  merge  into  the  through 
lane.   Each  of  the  two  locations  studied  exhibited  certain  special  character- 
istics and  each  will  be  discussed  separately. 

Location  A3a:  Interstate  65  and  State  Road  56  Interchange  - 
Acceleration  Lane  North  Bound 

The  acceleration  lane  at  this  site  meets  the  through  lane  on  a  tangent 
(see  Figure  33).   The  annual  average  daily  traffic  on  the  acceleration  lane 
was  670  vehicles  per  day  and  on  the  through  lanes  north  bound  was  2800 
vehicles  per  day. 

This  interchange  is  located  in  a  semi-urban  area.   Most  of  the  traf- 
fic using  this  acceleration  lane  is  local  traffic  from  the  city  of  Scotts- 
burg  and  the  area  in  the  vicinity  of  the  interchange  and  is  bound  north 
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FIGURE     32.       VIEW     OF    ACCELERATION    LANE-TYPE   3 
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to  Seymour.   No  accidents  were  reported  on  this  acceleration  lane  since 
the  facility  wa3  opened  to  traffic  in  October  I960  until  July  1961. 

The  85th  percentile  speed  at  Station  0+00  was  51  mph  (see  Figure  34). 
The  difference  between  the  85th  percentile  speed  of  through  traffic  within 
the  area  of  conflict  and  the  average  85th  percentile  speed  of  the  acceler- 
ation lane  traffic  as  it  merged  into  the  through  lane  was  seven  (7)  mph. 
(61-54).   This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  four  (4)  mph  (65-61 ).   This  difference  is  also  significant  and  shows 
that  at  this  location,  some  of  the  through  traffic  drivers  slowed  at  the 
interchange. 

The  acceleration  lane  traffic  merged  into  the  through  lane  for  the 
entire  length  of  the  acceleration  lane,  with  the  highest  percentage,  40.7 
percent,  merging  between  Stations  1+00  and  2+00  at  an  85th  percentile  speed 
of  52  mph. 

Ninety  (90)  percent  of  the  vehicles  using  this  acceleration  lane 
merged  into  the  through  lane  prior  to  Station  3+75«  Thus  a  majority  of 
drivers  at  this  location  merged  while  on  the  straight  portion  of  the  ac- 
celeration lane. 

A  relatively  high  percentage,  14.3  percent,  of  the  vehicles  using  the 
lane  stopped  on  the  acceleration  lane  before  entering  the  through  lane. 
These  results  indicate  that  this  type  of  acceleration  lane  design  is  not 
being  properly  used  by  drivers  at  this  location. 

Location  A3b:  Interstate  65  and  State  Road  334  Interchange  - 
Acceleration  Lane  North  Bound 
The  acceleration  lane  here  meets  the  through  lane  on  a  slight  left 
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horizontal  curve  (see  Figure  35).   The  annual  average  daily  traffic  on  the 
acceleration  lane  was  H50  vehicles  per  day  and  on  the  through  lanes  north 
bound  was  2650  vehicles  per  day.  This  interchange  is  located  in  a  rural 
area.  Most  of  the  traffic  using  the  acceleration  lane  is  through  traffic 
which  by-passes  the  city  of  Indianapolis  via  route  State  Road  100  and  is 
north  bound  toward  Chicago.   No  accidents  were  reported  on  this  accelera- 
tion lane  since  the  facility  was  opened  to  traffic  in  October  I960  until 
1961. 

The  85th  percentile  speed  at  Station  0+00  was  50  mph  (see  Figure  36). 
The  difference  between  the  85th  percentile  speed  of  through  traffic  within 
the  area  of  conflict  and  the  average  85th  percentile  speed  of  the  accelera- 
tion lane  traffic  as  it  merged  into  the  through  lane  was  11  mph  (6i+-53). 
This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  one  (l)  mph  (64-63).  This  difference  is  not  significant. 

Ninety  (90)  percent  of  the  vehicles  using  the  acceleration  lane 
merged  into  the  through  lane  prior  to  Station  3+65  •  Thus  the  majority 
of  drivers  merged  while  on  the  straight  portion  of  the  acceleration  lane. 
Th»  majority,  63  percent,  of  acceleration  lane  traffic  merged  between 
Stat ions 1+00  and  2+00  at  an  85th  percentile  speed  of  53  mph.  This  indi- 
cates that  more  than  half  of  the  acceleration  lane  traffic  merged  into 
the  through  lane  as  soon  as  possible  after  they  passed  the  nose  and  at 
too  low  a  speed.  This  is  a  higher  percentage  than  the  previous  case  (A3a) 
and  is  most  probably  due  to  the  effect  that  the  left  curve  has  on  drivers. 
The  rest  of  the  acceleration  lane  traffic  merged  all  along  the  remaining 
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length  of  the  acceleration  lane.   A  very  small  percentage,  0.9  percent, 
of  acceleration  lane  traffic  merged  between  Stations  5+00  and  6+00  at  an 
85th  percentile  speed  of  62  mph.  This  small  percentage  of  vehicles  thus 
used  the  acceleration  lane  correctly  by  making  use  of  a  longer  distance 
of  the  lane  to  accelerate  to  about  the  same  speed  as  through  lane  traffic 
before  merging. 

Of  all  the  vehicles  using  the  lane,  3.6  percent  stopped  on  it.  These 
results  indicate  that  for  the  condition  and  type  of  design  of  acceleration 
lane  at  this  location,  many  of  the  drivers  did  not  properly  use  it. 

Acceleration  Lanes,  Type  U 

The  fourth  type  of  acceleration  lane  studied  is  shown  in  Figure  37 
and  such  a  lane  is  shown  in  the  background  of  Figure  38.   This  accelera- 
tion lane  is  of  the  taper  design,  but  has  only  300  feet  of  taper. 

Two  locations  were  studied  of  this  type  of  acceleration  lane  and  both 
locations  were  at  the  Tri-State  and  Calumet  Avenue  interchange.  At  the 
first  location  the  acceleration  lane  meets  the  through  lane  on  a  tangent 
and  at  the  second  on  a  right  curve.   No  suitable  location  could  be  found 
where  the  acceleration  lane  meets  the  through  lane  on  a  left  curve. 

Station  0+00  for  this  type  of  acceleration  lane  was  taken  to  be  at 
the  nose.   Beyond  this  point  the  acceleration  lane  traffic  could  merge  into 
the  through  lane. 

Location  A4a:  Tri-State  and  Calumet  Avenue  Interchange  - 
Acceleration  Lane  East  Bound 
At  this  site  the  acceleration  lane  meets  the  through  lane  on  a  tan- 
gent (see  Figure  39).  The  annual  average  daily  traffic  on  the  acceleration 
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FIGURE     38.       VIEW    OF    ACCELERATION     LANE-TYPE    4 
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lane  was  I960  vehicles  per  day  and  on  the  through  lanes  east  bound  was 
23,730  vehicles  per  day.   This  interchange  is  located  in  an  urban  area. 
Most  of  the  traffic  using  this  acceleration  lane  is  through  traffic  travel- 
ling east  bound.   One  accident  on  this  acceleration  lane  was  reported  in 
the  year  1959  and  was  caused  by  a  faulty  merging  maneuver.   No  accidents 
were  reported  on  this  acceleration  lane  for  I960. 

The  85th  percentile  speed  at  Station  0+00  of  this  site  was  44  mph 
(see  Figure  40).  The  difference  between  the  85th  percentile  speed  of 
through  traffic  within  the  area  of  conflict  and  the  average  85th  percentile 
speed  of  the  acceleration  lane  traffic  as  it  merged  into  the  through  lane 
was  12  mph  (60-48).  This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  the  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  six  (6)  mph  (66-60).  This  difference  is  also  significant  and  indicates 
that  many  of  the  through  traffic  drivers  slowed  at  the  interchange. 

Ninety  (90)  percent  of  the  vehicles  using  this  acceleration  lane  merged 
into  the  through  lane  prior  to  Station  1+35.  This  shows  that  the  majority 
of  drivers  merged  into  the  through  lane  as  soon  as  possible  after  they 
passed  the  nose  and  at  too  low  a  speed.  More  than  a  third,  34.6  percent, 
of  cars  stopped  on  the  acceleration  lane.  This  is  a  very  high  percentage 

and  may  be  due  to  the  fact  that  the  length  of  taper  is  too  short,  together 
with  the  heavy  traffic  volume  on  the  through  lanes  at  this  location.  Under 
these  conditions,  drivers  are  not  able  to  accelerate  adequately  on  the 
acceleration  lane  before  they  must  merge. 

These  results  indicate  clearly  that  this  type  of  design  is  very  in- 
adequate and  hazardous  for  the  type  and  volume  of  traffic  using  this  ac- 
celeration lane  at  this  location. 
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Location  A4b:  Tri-State  and  Calumet  Avenue  Interchange  - 
Acceleration  Lane  West  Bound 

The  acceleration  lane  studied  here  meets  the  through  lane  on  a  slight 
right  horizontal  curve  (see  Figure  39).   The  annual  average  daily  traffic 
on  the  acceleration  lane  was  3880  vehicles  per  day  and  on  the  through  lanes 
west  bound  was  21,620  vehicles  per  day.  This  interchange  is  located  in  an 
urban  area.   Most  of  the  traffic  using  this  acceleration  lane  is  through 
traffic  west  bound  to  the  Illinois  Toll  Road. 

Two  accidents  were  reported  on  this  acceleration  lane  in  1959.   The 
first  was  caused  by  drivers  stopping  on  the  acceleration  lane  and  the 
second  by  loss  of  control  of  a  vehicle  while  merging.   No  accidents  were 
reported  on  the  lane  in  I960. 

The  85th  percentile  speed  at  Station  0+00  was  kl  mph  (see  Figure  /*l). 
The  difference  between  the  85th  percentile  speed  of  through  traffic  within 
the  area  of  conflict  and  the  average  85th  percentile  speed  of  the  accelera- 
tion lane  traffic  as  it  merged  into  the  through  lane  was  15  mph  (6O-/.5). 
This  difference  is  significant  and  indicates  that  most  of  the  acceleration 
lane  traffic  did  not  accelerate  to  about  the  same  speed  as  through  traffic 
before  merging. 

The  difference  between  the  85th  percentile  speed  of  the  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  zero  (0)  mph  ( 60-60 ). 

About  90  percent  of  the  vehicles  using  the  acceleration  lane  merged 
into  the  through  lane  prior  to  Station  1+30.   This  indicates  that  here 
also  the  majority  of  drivers  merged  into  the  through  lane  as  soon  as 
possible  after  they  passed  the  nose  and  at  too  low  a  speed. 
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A  very  high  percentage,  28  percent  of  vehicles  stopped  on  the  accel- 
eration lane  before  entering  the  through  lane.   The  reasons  are  the  same 
as  those  indicated  in  the  previous  case  (A4a).   These  results  show  clearly 
that  here  also  this  type  of  design  is  very  inadequate  and  hazardous  for 
the  type  and  volume  of  traffic  using  this  acceleration  lane. 

Deceleration  Lanes 

The  locations  of  the  deceleration  lanes  studied  are  shown  in  Figure  5 
on  a  map  of  the  State  of  Indiana  and  pertinent  data  for  each  location  is 
given  in  Table  6.   Tnese  locations  are  referenced  as  follows:  Dla,  D2b, 
etc.  where  the  "D"  stands  for  deceleration  lane;  the  1,  2,  etc  for  the 
type  of  deceleration  lane  design;  and  the  a,  b,  etc.  for  the  location. 

Deceleration  Lanes,  Type  1 

The  first  type  of  deceleration  lane  studied  was  on  the  Indiana  Toll 
Road  and  is  as  shown  in  Figure  42.  A  photograph  of  a  highway  with  such 
a  lane  is  shown  in  Figure  43.   The  deceleration  lane  is  1200  feet  long 
from  the  right  edge  of  the  through  lane  to  the  beginning  of  the  ramp  curve. 
It  consists  of  845.34  ft.  of  direct  taper,  having  an  angle  of  divergence 
of  one  (l)  degree  and  thirty  (30)  minutes  with  the  through  lanes.   Along 
this  distance  the  deceleration  lane  is  not  separated  from  the  through  lane. 
It  is  then  connected  to  a  355.82  ft.  direct  taper,  having  an  angle  of  di- 
vergence of  four  (4)  degrees  with  the  through  lane.   For  this  355-82  feet 
the  deceleration  lane  is  separated  from  the  through  lanes  by  a  shoulder 
which  is  paved  but  of  a  different  color  than  the  travelled  area.   The  exit 
nose  is  offset  six  (6)  feet  from  the  edge  of  the  through  lanes  and  there 
are  173.13  feet  of  recovery. 
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FIGURE     43.       VIEW    OF    DECELERATION     LANE-TYPE     I 
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Three  locations  were  studied  of  this  type  of  deceleration  lane.   At 
two  of  the  locations  the  deceleration  lane  leaves  the  through  lane  on  a 
tangent  and  at  the  third  on  a  left  curve.   No  suitable  location  could  be 
found  where  the  deceleration  lane  leaves  the  through  lane  on  a  right  curve. 

Station  0+00  was  taken  at  the  nose  which  is  the  point  where  the  paved 
shoulder  which  separates  the  deceleration  lane  and  the  through  lane  be- 
gins.  At  the  end  of  the  deceleration  lane  and  the  beginning  of  the  exit 
ramp  there  is  an  advisory  speed  sign  "Ramp  Speed  25". 

Each  of  the  locations  studied  exhibited  certain  special  characteris- 
tics and  each  will  be  discussed  separately. 

Location  Dla:  Indiana  Toll  Road  -  Gary  West  Interchange  - 
Deceleration  Lane  East  Bound 

The  deceleration  lane  at  this  site  leaves  the  through  lane  on  a  tan- 
gent (see  Figure  40).  At  this  location  the  median  is  20  feet  wide  with  a 
raised  median  barrier  instead  of  the  standard  50  foot  wide  median. 

The  annual  average  daily  traffic  on  the  deceleration  lane  was  1^60 
vhicles  per  day  and  on  the  through  lanes  west  bound  was  7680  vehicles 
per  day.  This  interchange  is  located  in  an  urban  area  and  serves  mostly  » 
local  traffic  between  the  city  of  Chicago  and  the  industrial  area  in  the 
city  of  Gary. 

One  accident  on  the  deceleration  lane  was  reported  in  1959  and  was 
caused  by  bad  weather  conditions.   Two  accidents  were  reported  in  I960  and 
both  were  reportedly  caused  by  the  drivers  travelling  at  too  high  a  speed 
on  the  exit  ramp  curves. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  the  average  85th  percentile  speed 


103 


of  deceleration  lane  traffic  as  it  diverged  into  the  deceleration  lane  was 
minus  seven  (7)  mph  (63-70)(see  Figure  44).   In  other  words,  those  diverg- 
ing were  travelling  faster,  on  the  average,  when  they  entered  the  deceler- 
ation lane  than  those  vehicles  which  remained  in  the  through  lanes.   This 
indicates  that  many  of  the  vehicles  using  the  deceleration  lane  did  not 
start  to  decelerate  until  after  they  diverged  into  the  deceleration  lane. 

The  data  given  on  Figure  44,  as  well  as  that  on  similar  figures  for 
other  deceleration  lanes,  are  similar  to  that  given  for  acceleration  lanes 
and  explained  in  an  earlier  section  of  this  report. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  six  (6)  mph  (69-63).  This  difference  is  significant  and  indicates 
that  at  this  location  many  of  the  through  traffic  drivers  slowed  at  the 
interchange.  Approximately  90  percent  of  the  vehicles  using  the  deceler- 
ation lane  diverged  within  a  distance  of  30C  feet. 

The  natural  straight  path  of  exit  of  the  left  wheels  of  the  vehicles, 
which  was  taken  as  a  line  parallel  to  but  offset  by  a  distance  of  three  (3) 
feet  from  that  path  joining  the  point  of  beginning  of  the  deceleration 
lane  with  the  midpoint  of  the  deceleration  lane  at  the  nose  (Station  0+00), 
intersects  the  through  lane  between  Stations  5+00  and  6+00.  In  this  area 
the  largest  percentage,  43.5  percent,  of  deceleration  lane  traffic  diverged 
at  an  85th  percentile  speed  of  69  mph. 

A  very  small  percentage,  0.9  percent,  of  deceleration  lane  traffic 
diverged  at  an  85th  percentile  speed  of  55  mph  between  Stations  6+00  and 
7+00.  This  speed  is  slower  than  that  of  other  deceleration  lane  traffic 
and  could  be  because  the  drivers  involved  started  to  decelerate  on  the 
through  lane  before  diverging  into  the  deceleration  lane. 
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These  results  approach  the  optimum  condition  of  operation  of  deceler- 
ation lanes  as  the  deceleration  lane  traffic  diverged  at  about  the  same 
speed  and  direction  of  travel  as  the  through  lane  traffic. 

Location  Dlb:  Indiana  Toll  Road  -  Michigan  City  Interchange  - 
Deceleration  Lane  West  Bound 

The  deceleration  lane  leaves  the  through  lane  at  this  location  on  a 
tangent  (see  Figure  12).  The  annual  average  daily  traffic  on  the  deceler- 
ation lane  was  310  vehicles  per  day  and  on  the  through  lanes  west  bound  was 
5910  vehicles  per  day.  This  interchange  is  located  in  a  rural  area  and 
intersects  U.  S.  i+21  which  runs  north  to  Michigan  City  and  south  to  Indi- 
anapolis. 

One  accident  was  reported  on  this  deceleration  lane  in  1959  and  was 
caused  by  the  driver  reportedly  travelling  too  fast  on  the  exit  ramp  curve. 
Two  accidents  were  reported  in  I960  and  both  were  caused  by  drivers  travel- 
ling too  fast  on  the  exit  ramp  curve. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  the  average  85th  percentile  speed 

of  deceleration  lane  traffic  as  it  diverged  into  the  deceleration  lane 
was  four  (h)   mph  (64-60)(see  Figure  J+5).  This  difference  is  significant 
and  indicates  that  some  of  the  deceleration  lane  traffic  started  to  decel- 
erate on  the  through  lane  before  diverging  into  the  deceleration  lane. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  also  four  (k)   mph  (68-64).  This  difference  is  significant  and  indi- 
cates that,  at  this  location,  some  of  the  through  traffic  drivers  slowed 
at  the  interchange. 
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Ninety  (90)  percent  of  the  drivers  using  this  deceleration  lane  di- 
verged within  a  distance  of  approximately  300  feet.   The  natural  straight 
path  of  exit  of  the  left  wheels  of  the  exiting  vehicles  intersects  the 
through  lane  between  Stations  5+00  and  6+00.   In  this  area  the  majority  of 
drivers,  56.5  percent,  diverged  at  an  85th  percentile  speed  of  60  mph. 

The  results  at  this  location  indicate  that  some  of  the  drivers  are 
slowing  slightly  before  entering  the  deceleration  lane. 

By  comparing  these  results  with  those  of  the  previous  case,  Dla,  it 
is  evident  that  although  both  locations  have  the  same  type  of  design  of 
deceleration  lane  and  similar  geometric  conditions,  i.e.  tangent,  the 
results  are  not  similar.  This  indicates  that  other  factors,  such  as  type 
of  drivers  using  the  deceleration  lane  and  traffic  volume,  may  have  a 
significant  bearing  upon  the  results. 

Location  Die  t  Indiana  Toll  Road  -  Chesterton- Valparaiso  Interchange  - 
Deceleration  Lane  East  Bound 

The  deceleration  lane  leaves  the  through  lane  at  this  location  on  a 
left  curve  (see  Figure  14).  The  annual  average  daily  traffic  on  the  decel- 
eration lane  was  730  vehicles  per  day  and  on  the  through  lanes  east  bound 
was  6630  vehicles  per  day.  This  interchange  is  located  in  a  rural  area 
and  intersects  State  Road  39  which  serves  Chesterton  to  the  north  and 
Valparaiso  to  the  south. 

Two  accidents  on  this  deceleration  lane  were  reported  in  I960.  The 
first  was  caused  by  a  driver  becoming  confused  and  turning  his  vehicle 
off  the  road  at  a  point  past  the  deceleration  lane,  and  the  second  by  a 
driver  travelling  too  fast  on  the  exit  ramp  curve.   No  accidents  were 
reported  in  1959. 


ice 


The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  the  average  85th  percentile  speed 
of  deceleration  lane  traffic  as  it  diverged  into  the  deceleration  lane  was 
14  mph  (69-55 )(aee  Figure  46).   This  difference  is  significant  and  indicates 
that  most  of  this  deceleration  lane  traffic  started  to  decelerate  on  the 
through  lane  before  diverging  into  the  deceleration  lane. 

Because  of  the  significant  deceleration  on  the  through  lanes  at  this 
location,  a  study  was  made  as  to  where  it  occurred  with  respect  to  the 
beginning  of  the  deceleration  lane.   Figure  47  shows  for  200  feet  intervals 
prior  to  the  beginning  of  the  deceleration  lane  the  averages  and  85th  per- 
centile speeds  for  the  traffic  which  later  entered  the  deceleration  lane. 
Through  traffic  in  this  area  was  travelling  at  69  mph.   These  data  are 
also  plotted  on  Figure  48.   There  is  a  clear  indication  that  some  of  the 
traffic  planning  to  use  the  deceleration  lane  at  this  location  begins  to 
decelerate  well  in  advance  (over  1000  feet)  of  the  deceleration  lane. 

Approximately  ninety  percent  of  the  drivers  using  the  deceleration 
lane  diverged  within  a  distance  of  approximately  400  feet. 

The  natural  straight  path  of  exit  of  the  left  wheels  of  exiting  vehicles 
intersects  the  through  lane  between  Stations  4+00  and  5+00,  where  only  a 
small  percentage,  8.3  percent,  of  deceleration  lane  traffic  diverged  at  an 
85th  percentile  speed  of  68  mph.   Most  of  the  remaining  drivers  diverged 
later  and  at  lower  speeds  thus  indicating  deceleration  on  the  through  lane 
instead  of  on  the  deceleration  lane.   This  could  have  been  aggravated  by 
the  effect  of  the  left  curve  on  drivers. 

A  small  percentage,  3.7  percent,  of  deceleration  lane  traffic  crossed 
the  paved  shoulders  and  diverged  between  Stations  0+00  and  1+00  at  an 
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85th  percentile  speed  of  hS   mph.   This  speed  is  lower  than  that  of  other 
observed  deceleration  lane  traffic,  and  this  might  have  been  caused  by 
these  drivers  hesitating  on  the  through  lane  and  making  the  decision  at 
the  last  minute  to  leave  at  this  interchange. 

These  results  indicate  for  this  geometric  condition  and  this  type  of 
deceleration  lane  design,  that  drivers  are  not  properly  using  the  decel- 
eration lane  at  this  location. 

Deceleration  Lanes,  Type  2 

The  second  type  of  deceleration  lane  studied  is  shown  in  Figure  49. 
Figure  50  is  a  photograph  of  a  highway  with  such  a  lane.  The  deceleration 
lane  has  a  taper  from  zero  (0)  feet  to  12  feet  in  a  distance  of  250  feet, 
followed  by  50  feet  of  tangent  and  195  feet  of  curve.  The  exit  nose  is 
offset  12  feet  and  there  are  360  feet  of  recovery.   Near  the  exit  nose 
there  is  a  regulatory  speed  sign  "Exit  Speed  k0n. 

Three  locations  of  this  type  of  deceleration  lane  were  studied.   At 
two  of  the  locations  the  deceleration  lane  leaves  the  through  lane  on  a 
tangent  and  at  the  third  on  a  right  horizontal  curve.   No  suitable  loca- 
tion could  be  found  where  the  deceleration  lane  leaves  the  through  lane 
on  a  left  curve.  Station  0+00  was  taken  at  the  nose  of  the  deceleration 
lane.  Each  of  the  locations  exhibited  certain  special  characteristics  and 
each  are  discussed  separately. 

Location  D2a:  Interstate  65  and  State  Road  39  Interchange  - 
Deceleration  Lane  South  Bound 
The  deceleration  lane  at  this  site  leaves  the  through  lane  on  a  tan- 
gent (see  Figure  22).  The  annual  average  daily  traffic  on  the  deceleration 
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FIGURE    50         VIEW    OF     DECELERATION     LANE-TYPE     2 
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lane  was  240  vehicles  per  day  and  on  the  through  lanes  south  bound  was 
4170  vehicles  per  day.   This  location  is  located  in  a  semi-urban  area  and 
most  of  the  traffic  using  this  deceleration  lane  travels  west  from  the 
interchange  with  very  little  traffic  entering  the  city  of  Lebanon.   No 
accidents  were  reported  on  the  deceleration  lane  since  thia  facility  was 
opened  to  traffic  in  July  i960  until  July  1961. 

The  85th  percentile  speed  of  deceleration  lane  traffic  at  the  nose, 
Station  0+00,  was  49  mph  (see  Figure  51).  This  shows  that  many  of  the 
drivers  did  not  obey  the  signed  speed  of  40  mph.  The  difference  between 
the  85th  percentile  speed  of  through  lane  traffic  within  the  area  of  con- 
flict and  the  average  85th  percentile  speed  of  deceleration  lane  traffic 
as  it  diverged  into  the  deceleration  lane  was  18  mph  (67-49).  This  dif- 
ference is  significant  and  indicates  clearly  that  most  of  the  drivers 
started  to  decelerate  on  the  main  facility  before  they  diverged  into  the 
deceleration  lane. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  one  (l)  mph  (68-67).  This  difference  is  not  significant. 

Ninety  percent  of  deceleration  lane  traffic  diverged  within  a  dis- 
tance of  200  feet,  with  most  of  it  not  using  any  portion  of  the  taper. 
The  largest  percentage,  76.9  percent,  of  the  deceleration  lane  traffic 
diverged  between  Stations  1+00  and  2+00  at  an  85th  percentile  speed  of 
50  mph. 

These  results  indicate  clearly  that  this  type  of  deceleration  lane 
design  is  not  being  properly  used  by  many  of  the  drivers  at  this  location. 
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Location  D2b:  Tri-State  and  Kennedy  Avenue  Interchange  - 
Deceleration  Lane  'West  Bound 

The  deceleration  lane  leaves  the  through  lane  at  this  location  on  a 
tangent  (see  Figure  2/+).   The  annual  average  daily  traffic  on  the  deceler- 
ation lane  was  1430  vehicles  per  day  and  on  the  through  lanes  west  bound 
was  16,790  vehicles  per  day.   This  interchange  is  located  in  an  urban  area 
and  serves  traffic  from  the  Tri-State  going  north  and  using  Kennedy  Avenue. 

One  accident  was  reported  on  this  deceleration  lane  in  1959  and  was 
caused  by  drivers  failing  to  stop  for  the  stop  sign  at  the  end  of  the  exit 
ramp.   No  accidents  were  reported  in  I960. 

The  85th  percentile  speed  of  deceleration  lane  traffic  at  the  nose, 
Station  0+00,  was  41  mph  (see  Figure  52).   Most  drivers,  therefore,  did 
obey  the  signed  speed  of  40  mph.   The  difference  between  the  85th  percentile 
speed  of  through  lane  traffic  within  the  area  of  conflict  and  the  average 
85th  percentile  speed  of  the  deceleration  lane  traffic  as  it  diverged  into 
the  deceleration  lane  was  14  mph  (60-46).   This  difference  is  significant. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  three  (3)  mph  (63-60).   This  difference  is  also  significant  and  indi- 
cates that,  at  this  location,  some  through  traffic  drivers  slowed  at  the 
interchange.   Ninety  percent  of  deceleration  lane  traffic  diverged  within 
a  distance  of  slightly  less  than  200  feet,  with  almost  none  of  them  using 
the  tapered  portion  of  the  lane. 

These  results  clearly  indicate  that  this  type  of  deceleration  lane 
design  is  not  being  properly  used  by  many  of  the  drivers  at  this  location. 

By  comparing  these  results  with  those  of  the  previous  case,  D2a,  it 
is  evident  although  both  locations  have  the  same  type  of  design  of  decel- 
ation  lane  and  the  same  geometric  condition,  i.e.  tangent,  that  the  results 
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are  not  similar.   This  indicates  again  that  other  factors  such  as  type  of 
drivers  using  the  deceleration  lane  and  traffic  volume  may  have  a  signifi- 
cant bearing  upon  the  results. 

Location  D2c :  Interstate  65  and  State  Road  39  Interchange  - 
Deceleration  Lane  North  Bound 

The  deceleration  lane  here  leaves  the  through  lane  on  a  slight  right 
horizontal  curve  (see  Figure  22). 

The  annual  average  daily  traffic  on  the  acceleration  lane  was  106G 
vehicles  per  day  and  on  the  through  lanes  north  bound  was  4550  vehicles 
per  day.  This  interchange  is  located  in  a  semi-urban  area.  Most  of  the 
traffic  using  the  deceleration  lane  is  local  traffic  from  the  city  of 
Lebanon  returning  from  Indianapolis.  No  accidents  were  reported  on  the 
deceleration  lane  since  this  facility  was  opened  to  traffic  in  July  I960 
until  July  1961. 

The  85th  percentile  speed  of  deceleration  lane  traffic  at  the  nose, 
Station  0+00,  was  46  mph  (see  Figure  53).  Thus  many  drivers  obviously 
did  not  obey  the  signed  speed  of  40  mph. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  the  average  85th  percentile  speed 
of  the  deceleration  lane  traffic  as  it  diverged  into  the  deceleration  lane 
was  18  mph  (68-50).   This  difference  is  significant.   The  difference  be- 
tween the  85th  percentile  speed  of  through  lane  traffic  within  the  area  of 
conflict  and  that  beyond  the  area  of  conflict  was  two  (2)  mph  (70-68). 
This  difference  is  not  significant. 

Ninety  percent  of  the  vehicles  using  this  deceleration  lane  diverged 
within  slightly  less  than  200  feet  with  very  few  of  them  using  any  part 
of  the  taper. 
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These  results  indicate,  as  for  previous  lanes,  that  this  type  of 
deceleration  lane  design  is  not  being  properly  used  by  the  majority  of 
drivers  at  this  location. 

Deceleration  Lanes,  Type  3 

The  third  type  of  deceleration  lane  studied  is  shown  in  Figure  54» 
while  a  photograph  of  a  highway  with  such  a  lane  is  Figure  55  •  The  decel- 
eration lane  in  this  design  is  a  curve  of  varying  degrees  of  curvature. 
The  exit  nose  is  offset  six  (6)  feet  and  there  are  180  feet  of  recovery. 
Near  the  nose  there  is  a  regulatory  speed  sign  "Exit  Speed  40". 

Three  locations  were  studied  of  this  type  of  deceleration  lane.   At 
the  first  location,  the  deceleration  lane  leaves  the  through  lane  on  a 
tangent,  at  the  second  on  a  right  curve  and  at  the  third  on  a  left  curve. 
Station  0+00  was  taken  at  the  nose  of  the  deceleration  lane.  Each  of  the 
locations  exhibited  certain  special  charateristics  and  each  are  discussed 
separately. 

Location  D3a:  Interstate  74  and  State  Road  9  Interchange  - 
Deceleration  Lane  East  Bound 

The  deceleration  lane  meets  with  the  through  lane  at  this  site  on  a 
tangent  (see  Figure  56).  The  deceleration  lane  has  a  four  (4)  degree  curve 
and  is  260  feet  long. 

The  annual  average  daily  traffic  on  the  deceleration  lane  and  on  the 
through  lanes  east  bound  was  not  determined  at  this  location  as  this  was 
the  last  completed  interchange  on  Interstate  74  which  was  then  open  to 
traffic.  Interstate  74  was  open  for  only  a  few  miles  beyond  this  inter- 
change and  then  connected  with  U.  S.  421.   It  was  felt  that  this  condition 
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FIGURE     55.        VIEW    OF     DECELERATION     LANE-TYPE    3 
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caused  more  traffic  to  use  the  deceleration  lane  at  the  time  of  the  study 
than  that  for  which  it  was  designed.   This  condition  will  be  alleviated 
when  additional  mileage  of  Interstate  74.  east  of  this  interchange  is  opened 
to  traffic. 

This  interchange  is  located  in  a  semi-urban  area  and  most  of  the  traf- 
fic using  the  deceleration  lane  was  local  traffic  between  the  city  of 
Shelbyville  and  Indianapolis.   No  accidents  were  reported  on  this  decelera- 
tion lane  since  this  facility  was  opened  to  traffic  in  October  I960  until 
July  1961. 

The  85th  percentile  speed  of  deceleration  lane  traffic  at  the  nose, 
Station  0+00,  was  U6   mph  (see  Figure  57).  This  shows  that  many  drivers 
did  not  obey  the  signed  speed  of  U0   mph.   The  difference  between  the  85th 
percentile  speed  of  through  lane  traffic  within  the  area  of  conflict  and 
the  average  85th  percentile  speed  of  the  deceleration  lane  traffic  as  it 
diverged  into  the  deceleration  lane  was  11  mph  (62-51).   This  difference 
is  significant  and  indicates  that  many  of  the  drivers  started  to  deceler- 
ate on  the  main  facility  before  they  diverged  into  the  deceleration  lane. 

This  location  was  also  studied  to  determine  the  distance  prior  to  the 
beginning  of  the  deceleration  lane  in  which  the  deceleration  occurred. 
Figures  58  and  59  show  the  results  of  this  study.   Deceleration  lane  traf- 
fic began  to  decelerate  noticeably  on  the  through  lane  well  in  advance, 
over  1000  feet,  of  the  beginning  of  the  deceleration  lane.   The  difference 
between  the  85th  percentile  speed  of  through  lane  traffic  within  the  area 
of  conflict  and  that  beyond  the  area  of  conflict  was  three  (3)  mph  (65-62). 
This  difference  is  significant  and  indicates  that,  at  this  location,  some 
through  traffic  drivers  slowed  at  the  interchange. 
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Almost  all,  95.4  percent,  of  drivers  diverged  as  soon  as  possible  after 
the  beginning  of  the  deceleration  lane  and  within  the  first  100  feet  at  an 
85th  percentile  speed  of  51  mph. 

These  results  indicate  that  many  of  the  drivers  at  this  location  are 
not  using  properly,  with  reference  to  speed,  this  type  of  deceleration 
lane.   This  may  be  due  to  the  very  short  distance  over  which  they  can 
decelerate  on  this  type  of  design. 

Location  D3b:  Interstate  65  and  State  Road  334  Interchange  - 
Deceleration  Lane  South  Bound 
The  deceleration  lane  leaves  the  through  lane  at  this  location  on  a 
very  slight  right  curve.  The  deceleration  lane  has  a  14  degree  curve  and 
is  284  feet  long  (see  Figure  35). 

The  annual  average  daily  traffic  on  this  deceleration  lane  was  1010 
vehicles  per  day  and  on  the  through  lanes  south  bound  was  3230  vehicles 
per  day.  This  interchange  is  located  in  a  rural  area.  Most  of  the  traffic 
using  this  deceleration  lane  was  through  traffic  using  State  Road  100  to 
by-pass  the  city  of  Indianapolis. 

Three  accidents  were  reported  on  this  deceleration  lane  from  October 
1960  to  July  1961.  The  first  was  caused  by  a  driver  failing  to  stop  for 
the  stop  sign  at  the  end  of  the  exit  ramp,  the  second  by  a  driver  travel- 
ling the  wrong  way  on  this  ramp  and  the  third  by  a  driver  entering  the 
deceleration  lane  at  too  high  a  speed. 

The  85th  percentile  speed  of  the  deceleration  lane  traffic  at  the 
nose,  Station  0+00,  was  50  mph  (see  Figure  60 ).  This  shows  that  many 
drivers  did  not  obey  the  signed  speed  of  40  mph.   The  difference  between 
the  85th  percentile  speed  of  the  through  lane  traffic  and  the  average  85th 
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percentile  speed  of  the  deceleration  lane  traffic  as  it  diverged  into  the 
deceleration  lane  was  11  mph  (65-54).  This  difference  is  significant  and 
shows  that  many  drivers  started  to  decelerate  on  the  main  facility  before 
they  diverged  into  the  deceleration  lane. 

A  study  of  the  traffic  using  the  deceleration  lane  relative  to  their 
deceleration  prior  to  the  beginning  of  the  lane  was  also  made  at  this  site. 
Figures  61  and  62  show  the  results  at  this  location.   Deceleration  lane 
traffic  started  to  decelerate  on  the  through  lane  about  1500  feet  before 
the  beginning  of  the  deceleration  lane.   The  difference  between  the  85th 
percentile  speed  of  the  through  lane  traffic  within  the  area  of  conflict 
and  that  beyond  the  area  of  conflict  was  two  (2)  mph  (67-65).   This  dif- 
ference is  not  significant. 

Almost  all,  97.2  percent,  of  the  drivers  using  this  lane  diverged 
as  soon  as  possible  after  the  beginning  of  the  deceleration  lane  and  within 
the  first  100  feet  of  the  lane  at  an  85th  percentile  speed  of  54  mph. 

These  results  indicate  that  here  also  many  drivers  are  not  using 
properly,  with  reference  to  speed,  this  type  of  deceleration  lane. 

Location  D3c :  Interstate  65  and  State  Road  60  Interchange  - 
Deceleration  Lane  North  Bound 

The  deceleration  lane  at  this  location  leaves  the  through  lane  on  a 
slight  left  curve  (see  Figure  28).   The  deceleration  lane  has  a  one  (l) 
degree  curve  and  is  535  feet  long.  The  annual  average  daily  traffic  on 
this  deceleration  lane  was  930  vehicles  per  day  and  on  the  through  lanes 
north  bound  was  4740  vehicles  per  day. 

This  interchange  is  located  in  a  rural  area.   Most  of  the  traffic 
using  this  deceleration  lane  is  local  traffic  from  Jeffersonville  travelling 
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to  Salem  and  the  region  west  of  this  interchange.   No  accidents  were  report- 
ed on  this  deceleration  lane  since  this  facility  was  opened  to  traffic  in 
October  I960  until  July  1961. 

The  85th  percentile  speed  of  the  deceleration  lane  traffic  at  the 
nose,  Station  0+00,  was  54  mph  (see  Figure  63).   Many  drivers  at  this  site 
obviously  did  not  obey  the  signed  speed  of  40  mph.   The  difference  between 
the  85th  percentile  speed  of  the  through  lane  traffic  and  the  average  85th 
percentile  speed  of  the  deceleration  lane  traffic  as  it  diverged  into  the 
deceleration  lane  was  five  (5)  mph  (60-55)-   This  difference  is  significant 
but  it  also  is  less  than  at  the  other  two  locations  where  this  deceleration 
lane  design  was  studied. 

The  difference  between  the  85th  percentile  speed  of  through  lane  traf- 
fic within  the  area  of  conflict  and  that  beyond  the  area  of  conflict  was 
zero  (0)  mph  (60-60). 

Slightly  over  forty  percent  (41. 7!^)  of  the  drivers  diverged  as  soon 
as  possible  after  the  beginning  of  the  deceleration  lane  and  within  the 
first  100  feet  of  useable  lane  and  at  an  85th  percentile  speed  of  59  mph. 
These  drivers  approached  the  optimum  condition  of  operation  for  decelera- 
tion lanes  as  they  diverged  in  approximately  the  same  direction  of  travel 
and  at  the  same  speed  as  through  lane  traffic. 

The  remaining  drivers,  59.3  percent,  diverged  within  the  second  100 
feet  and  at  lower  speeds,  thus  decelerating  on  the  through  lane  instead  of 
on  the  deceleration  lane.   Some  of  this  number  might  have  been  affected 
by  the  left  curve  at  this  site. 

These  results  indicate  that  about  over  half  of  the  drivers  at  this 
location  are  using  properly  this  type  of  deceleration  lane.  By   comparing 
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these  results  with  the  previous  two  cases,  D3a  and  D3b,  it  is  indicated 
that  for  this  type  of  deceleration  lane  design,  the  smaller  the  degree  of 
curve  used,  which  results  in  this  type  of  design  approaching  the  straight 
taper  type  of  design,  the  closer  the  results  approach  the  optimum  condi- 
tions of  operation  for  deceleration  lanes. 

Deceleration  Lanes,  Type  4 

The  fourth  type  of  deceleration  lane  studied  is  shown  in  Figure  64 
and  a  highway  using  this  type  of  lane  is  shown  in  Figure  64A.  The  decel- 
eration lane  in  this  design  is  a  direct  taper  400  feet  long.  The  exit 
nose  is  offset  six  (6)  feet  and  there  are  180  feet  of  recovery.   Near  the 
exit  nose  there  is  a  regulatory  speed  sign.  "Exit  Speed  40". 

Only  one  location  was  studied  of  this  type  of  deceleration  lane  as  it 
was  the  only  one  completed  as  of  the  date  of  this  study.  Station  0+00  was 
taken  to  be  at  the  nose  of  the  deceleration  lane. 

Location  D4a:  Interstate  74  and  Pleasant  View  Interchange  - 
Deceleration  Lane  East  Bound 

The  deceleration  lane  leaves  the  through  lane  at  this  location  on  a 
tangent  (see  Figure  65).   The  annual  average  daily  traffic  on  the  deceler- 
ation lane  was  250  vehicles  per  day  and  on  the  through  east  bound  lanes 
was  3780  vehicles  per  day. 

This  interchange  is  located  in  a  rural  area  and  almost  all  of  the 
traffic  using  this  deceleration  lane  is  local  traffic  travelling  between 
Pleasant  View,  a  local  community,  and  Indianapolis.  No  accidents  were 
reported  on  this  deceleration  lane  since  this  facility  was  opened  to  traf- 
fic in  October  I960  until  July  1961. 
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FIGURE    64a      VIEW    OF     DECELERATION     LANE-TYPE    4 
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The  85th  percentile  speed  of  deceleration  lane  traffic  at  the  nose, 
Station  0+00,  was  50  mph  (see  Figure  66).   This  shows  that  many  drivers 
did  not  obey  the  signed  speed  of  h0   mph  (see  Figure  66). 

The  difference  between  the  85th  percentile  speed  of  through  lane  traf- 
fic within  the  area  of  conflict  and  the  average  85th  percentile  speed  of 
deceleration  lane  traffic  as  it  diverged  into  the  deceleration  lane  was 
six  (6)  mph  (63-57).  This  difference  is  significant.   The  difference  be- 
tween the  85th  percentile  speed  of  through  lane  traffic  within  the  area  of 
conflict  and  that  beyond  the  area  of  conflict  was  zero  (0)  mph  (63-63). 

The  natural  straight  path  of  exit  of  the  left  wheels  of  exiting 
vehicles  intersects  the  through  lane  between  Stations  2+OC  and  3+00  where 
the  majority,  81. 5  percent,  of  drivers  diverged  at  an  85th  percentile  speed 
of  58  mph.  These  results  indicate  although  most  drivers  use  the  full 
length  of  the  deceleration  lane  that  some  of  these  drivers  decelerate  prior 
to  diverging.   This  may  be  due  to  the  deceleration  lane  being  too  short. 

Deceleration  Lanes,  Type  5 

The  fifth  type  of  deceleration  lane  studied  is  shown  in  Figure  6? 
and  a  photograph  of  a  highway  with  such  a  lane  is  Figure  68.  The  deceler- 
ation lane  in  this  design  is  a  variable  distance  direct  taper  followed  by 
a  curve.  The  nose  is  offset  12  feet  and  there  are  150  feet  of  recovery. 
Near  the  exit  nose  there  is  a  regulatory  speed  sign  "Exit  Speed  ^0". 

Three  locations  were  studied  of  this  type  of  deceleration  lane.   At 
the  first  two  locations  the  deceleration  lane  leaves  the  through  lane  on 
a  tangent  and  at  the  third  on  a  left  curve.   Station  0+00  was  taken  to  be 
at  the  nose  of  the  deceleration  lane. 
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FIGURE    68.        VIEW    OF     DECELERATION     LANE-TYPE    5 
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Location  D5a:  Tri-State  and  Calumet  Avenue  Interchange  - 
Deceleration  Lane  West  Bound 
The  deceleration  lane  at  this  location  leaves  the  through  lane  on  a 
tangent  (see  Figure  39).   In  this  case  the  length  of  the  tangent  section 
is  200  feet  and  the  length  of  the  curve  portion  to  the  nose  is  139  feet. 
The  annual  average  daily  traffic  on  the  deceleration  lane  was  4100 
vehicles  per  day  and  on  the  through  lanes  west  bound  was  21,820  vehicles 
per  day.  This  interchange  is  located  in  an  urban  area.  Most  of  the  traf- 
fic using  this  deceleration  lane  is  through  traffic  using  U.  S.  41  north 
to  Chicago. 

Three  accidents  were  reported  on  this  deceleration  lane  in  1959.  The 
first  was  caused  by  bad  weather  conditions,  the  second  by  drivers  travel- 
ling too  fast  on  the  exit  ramp  curve  and  the  third  by  a  driver  missing  the 
deceleration  lane  and  then  backing  on  the  through  lane.  This  last  accident 
resulted  in  one  person  being  killed.  No  accidents  ««re  reported  in  I960. 

The  85th  percentile  speed  of  the  deceleration  lane  traffic  at  the 
nose,  Station  0+00,  was  32  mph  (see  Figure  69).  Most  drivers  at  this 
location  obeyed  the  signed  speed  of  40  mph.  The  difference  between  the 
85th  percentile  speed  of  through  lane  traffic  within  the  area  of  conflict 
and  the  average  85th  percentile  speed  of  the  deceleration  lane  traffic  as 
it  diverged  into  the  deceleration  lane  was  17  mph  (63-46).  This  difference 
is  significant  and  indicates  clearly  that  many  of  the  drivers  started  to 
decelerate  on  the  main  facility  before  they  diverged  into  the  deceleration 
lane. 

The  difference  between  the  85th  percentile  speed  of  the  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
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was  one  (l)  mph  (63-62).  This  difference  is  not  significant.  Nearly  all 
drivers,  94.4  percent,  diverged  between  Stations  1+00  and  2+OC  at  an  85th 
percentile  speed  of  48  mph.  This  was  about  as  quickly  as  the  design  per- 
mitted. 

These  results  indicate  that  this  type  of  design  is  very  inadequate, 
with  reference  to  speed,  and  probably  very  hazardous  for  the  volume  of 
traffic  using  this  deceleration  lane  at  this  location. 

Location  D5bi  Interstate  65  and  State  Road  56  Interchange  - 
Deceleration  Lane  North  Bound 

The  deceleration  lane  at  this  site  leaves  the  through  lane  on  a  tan- 
gent (see  Figure  33).   In  this  case  the  length  of  the  taper  is  25C  feet 
and  the  curved  portion  to  the  nose  is  217  feet.  The  annual  average  daily 
traffic  on  this  deceleration  lane  was  770  vehicles  per  day  and  on  the 
through  lanes  north  bound  was  2800  vehicles  per  day. 

This  interchange  is  located  in  a  semi-urban  area.  Most  of  the  traf- 
fic using  this  deceleration  lane  is  local  traffic  travelling  from  Jeffer- 
sonville  to  the  city  of  Scottsburg.  No  accidents  were  reported  on  the 
deceleration  lane  since  the  facility  was  opened  to  traffic  in  October 
I960  until  July  1961. 

The  85th  percentile  speed  of  the  deceleration  lane  traffic  at  the 
nose,  Station  0+00,  was  51  mph  (see  Figure  70).  This  shows  that  many 
drivers  did  not  obey  the  signed  speed  of  40  mph. 

The  difference  between  the  85th  percentile  speed  of  through  lane 
traffic  within  the  area  of  conflict  and  the  average  85th  percentile  speed 
of  deceleration  lane  traffic  as  it  diverged  into  the  deceleration  lane  was 
eight  (8)  mph  (64-56).   This  difference  is  significant.   The  difference  be- 
tween the  85th  percentile  speed  of  the  through  lane  traffic  within  the 
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area  of  conflict  and  that  beyond  the  area  of  conflict  was  three  (3)  mph 
(67-6/»).   This  difference  is  not  significant. 

The  majority  of  drivers,  89.8  percent,  diverged  between  Stations 
2+00  and  3+00  at  an  85th  percentile  speed  of  56  mph.   They  could  have 
diverged  a  little  earlier  and  thereby  would  have  used  more  of  the  decel- 
eration lane. 

These  results  indicate  that  this  type  of  deceleration  lane  design 
was  not  being  properly  used  with  reference  to  speed  by  drivers  at  this 
location. 

In  comparing  these  results  with  those  of  the  previous  case,  D5a,  it 
is  evident  although  both  locations  have  the  same  type  of  design  of  decel- 
eration lane  and  the  same  geometric  condition,  i.e.  tangent,  that  the  re- 
sults are  not  the  same.   The  results  in  case  D5b  which  has  the  longer 
deceleration  lane,  tend  to  be  much  nearer  the  optimum  conditions  of  opera- 
tion for  deceleration  lanes.   This  may  be  due  to  the  increase  in  the  length 
of  the  deceleration  lane. 

Location  D5c :  Tri-State -Calumet  Avenue  Interchange  - 
Deceleration  Lane  East  Bound 

The  deceleration  lane  here  leaves  the  through  lane  on  a  slight  left 
curve  (see  Figure  39).   In  this  case  the  length  of  the  taper  section  is 
200  feet,  and  the  curve  portion  to  the  nose  is  139  feet. 

The  annual  average  daily  traffic  on  the  deceleration  lane  was  1830 
vehicles  per  day  and  on  the  through  lane  east  bound  was  23,530  vehicles 
per  day.  This  interchange  is  located  in  an  urban  area.  Most  of  the  traf- 
fic using  this  deceleration  lane  is  through  traffic  using  the  Illinois 
Toll  Road  and  Calumet  Avenue. 


H9 


Two  accidents  were  reported  on  this  deceleration  lane  in  1959-  The 
first  was  caused  by  a  driver  missing  the  deceleration  lane  and  then  slow- 
ing on  the  through  lane,  and  the  second  by  a  driver  missing  the  decelera- 
tion lane  and  then  turning  from  the  outside  lane  to  get  on  a  crossover. 
One  accident  was  reported  in  I960,  and  was  caused  by  a  driver  turning  from 
the  inside  lane  onto  the  deceleration  lane. 

The  85th  percentile  speed  of  deceleration  lane  traffic  at  the  nose, 
Station  0+00,  was  35  mph  (see  Figure  71).  This  shows  that  most  drivers 
obeyed  the  signed  speed  of  i+0  mph.  The  difference  between  the  85th  per- 
centile speed  of  through  lane  traffic  within  the  area  of  conflict  and  the 
average  85th  percentile  speed  of  the  deceleration  lane  traffic  as  it  di- 
verged into  the  deceleration  lane  was  19  mph  (61-42).  This  difference 
is  significant. 

The  difference  between  the  85th  percentile  speed  of  the  through  lane 
traffic  within  the  area  of  conflict  and  that  beyond  the  area  of  conflict 
was  one  (l)  mph  (61-60).  This  difference  is  not  significant. 

Nearly  all  drivers,  97.2  percent,  diverged  as  soon  as  they  could 
between  Stations  1+00  and  2+00  at  an  85th  percentile  speed  of  U3   mph. 

These  results  indicate  clearly  that  this  type  of  design  is  inadequate 
and  hazardous  for  traffic  using  this  deceleration  lane  at  this  location. 

Summary  of  Field  Results 

A  summary  of  the  important  acceleration  lane  characteristics  and  a 
summary  of  the  results  obtained  at  each  location  studied  are  given  in 
Table  7.  A  similar  table  for  the  deceleration  lanes  studied  is  Table  8. 
These  two  tables  are  included  to  provide  a  comparison  of  the  various  de- 
signs and  to  permit  a  quicker  evaluation  by  the  reader  of  the  findings 
which  are  given  in  the  next  section  of  the  report. 
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Location 

Figure 
Nos. 

Geometric^ 
Condition 
No,    [ 

Length  of 
Accel 0  Lane 
Unused  by 
30%  of 
.  Through  Lane 
Traffic 

%  of 
Accel o 

Lane 
Traffic 

That 
Stopped 

Was  This 
Accel.  Lane 
Used 
Satisfactorily 
As  To 

Speed 

Placement 

Ala 

8,  9 

(1) 

125 

1.0 

No 

No 

Alb 

10,  11 

(1) 

110 

10,7 

Yes 

Yes 

Ale 

12,  13 

(4) 

110 

1.8 

No 

Yes 

Aid 

14,  15 

(2) 

60 

3.6 

Yes 

Yes 

Ale 

16,  17 

(5) 

110 

3  =  7 

No 

Yes 

Alf 

18,  19 

(3) 

120 

0 

Yes 

Yes 

A2a 

22,  23 

(1) 

200 

9o3 

No 

No 

A2b 

24,  25 

(1) 

150 

16  e0 

No 

No 

A2c 

26,  27 

(1) 

265 

4.4 

No 

No 

A2d 

28,  29 

(2) 

50 

14.3 

No 

No 

A2e 

22,  30 

(3) 

235 

10.7 

No 

No 

A3a 

33,  34 

(1) 

100 

14.3 

No 

No 

A3b 

35,  36 

(3) 

110 

3.6 

No 

No 

A4a 

39,  40 

(1) 

115 

34.6 

No 

No 

A4b 

i   i\„,„ 

39,  41 

» 

120 

28.0 

No 

No 

2.  Numbers  refer  to  type; 

3.  AADT  =  Annual  Average  that  length  from  the  end  of  the  ramp 

4.  WA0C  -  Within  Area  of 6  feet  wide. 
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TABLE  7 
SUMMARY  OF  RESULTS  -  ACCELERATION  LANES 


Location 

Figure 
Nos. 

Geometric^ 
Condition 
No. 

Type  of2 
Accel, 

Lane  -  No. 

AADT3 

85th  Percentile  Speed 

Distance 

Beyond  Point 

of  Separation 

Within  Which  90% 

of  Accel.  Lane 

Traffic  Merged 

Usable  7 

Length 

of  Accel. 

Lane 

Length  of 

Accel.  Lane 

Unused  by 

90%  of 
Through  Lane 
Traffic 

%  of 
Accel. 

Lane 
Traffic 

That 
Stopped 

Was  This 
Accel.  Lane 
Used 

Accel. 
Lane 

Through 
Lane 

Station 
0  00 

Ave rag* 

Accel. 

Lane 

Through 
Lane 
WAOC4 

speed  iJ3.il. 

and 
(S)  or  (NS)5 

inrougn 
Lane. 
BAOC6 

speed  jjiit. 

and 
(S)  or  (NS) 

Satisfactorily 
As  To 

Speed 

Placement 

Ala 

8,  9 

(1) 

1 

620 

3720 

48 

55 

69 

14  (S) 

69 

0  (NS) 

185 

890 

125 

1.0 

No 

No 

Alb 

10,  11 

(1) 

1 

1310 

7860 

54 

62 

65 

3  (NS) 

65 

0  (NS) 

200 

890 

110 

10.7 

les 

Yes 

Ale 

12,  13 

(4) 

1 

870 

5950 

54 

57 

67 

10  (s) 

67 

0  (NS) 

200 

890 

110 

1.8 

No 

Yes 

Aid 

14,  15 

(2) 

1 

650 

6420 

57 

64 

67 

3  (NS) 

69 

2  (NS) 

260 

890 

60 

3.6 

Yes 

Yes 

Ale 

16,  17 

(5) 

1 

1230 

5030 

48 

54 

66 

12  (3) 

66 

0  (NS) 

200 

890 

110 

3.7 

No 

Yes 

Alf 

18,  19 

(3) 

1 

590 

6520 

58 

63 

64 

1  (NS) 

69 

5  (S) 

190 

890 

120 

0 

lea 

Yes 

A2a 

22,  23 

(1) 

2 

260 

4550 

42 

47 

66 

19  (S) 

68 

2  (NS) 

450 

650 

200 

9.3 

No 

No 

A2b 

24,  25 

(1) 

2 

680 

17,200 

47 

51 

62 

11  (s) 

62 

0  (NS) 

500 

650 

150 

16.0 

No 

No 

A2c 

26,  27 

U) 

2 

1130 

3030 

55 

55 

61 

6  (3) 

63 

2  (NS) 

385 

650 

265 

4.4 

No 

No 

A2d 

28,  29 

(2) 

2 

880 

4530 

42 

50 

64 

14  (S) 

58 

-6  (S) 

600 

650 

50 

14.3 

No 

No 

A2e 

22,  30 

(3) 

2 

1380 

4170 

44 

46 

66 

20  (S) 

67 

1  (NS) 

415 

650 

235 

10.7 

No 

No 

A3a 

33,  34 

(1) 

3 

670 

2800 

51 

54 

61 

7  (S) 

65 

4  (S) 

375 

475 

100 

14.3 

No 

No 

A3b 

35,  36 

(3) 

3 

1450 

2650 

50 

53 

64 

11  (s) 

63 

1  (NS) 

365 

475 

110 

3.6 

No 

No 

A4a 

39,  40 

(1) 

4 

I960 

23,730 

44 

48 

60 

12  (S). 

66 

6  (S) 

135 

250 

115 

34.6 

No 

No 

Mb 

39,  a 

(2) 

4 

3880 

2J£20 

u 

45 

60 

15  (S) 

60 

0  (NS) 

130 

250 

120 

28.0 

No 

No 

2.  Numbers  refer  to  types  referenced  in 

3.  AADT  =  Annual  Average  Daily  Traffic. 

4.  WAOC  -  Within  Area  of  Conflict 


the  condition  referenced  in  Table  5. 
Table  5. 


Jl     (S)   -  Significant   (ns!   =  Not  Significant 

6.  BAOC  »  Beyond  Area  of  Conflict 

7.  Usable  length  of  Accel.  Lane  is  taken  as  that  length  from  the  end  of  the  ramp 
curve  to  where  the  Accel.  Lane  width  is  6  feet  wide. 


Was  This 

7 

Length  of 
Decel.  Lane 

Decel.  Lane 

Used 

Geometri1* 

foot  Used 

Satisfactorily 

Location 

Figure 

tiOOc 

Conditio*  1. 
Noo 

by  90* 

of  Traffic 

i 

ka   To 

Speed 

Placement 

Dla 

10,  44 

(1) 

50 

Yes 

Yes 

Dlb 

12,  45 

(1) 

30 

No 

Yes 

Die 

14,  46 

(3) 

230 

No 

No 

D2a 

22,  51 

(1) 

120 

No 

No 

D2b 

24,  52 

(1) 

75 

No 

No 

D2c 

22,  53 

(2) 

90 

No 

No 

D3a 

56,  57 

CD 

0 

No 

Yes 

D3b 

35,  60 

(2) 

0 

No 

Yes 

D3c 

28,  63 

(3) 

25 

No 

Yes 

D4a 

65,  66 

(1) 

20 

No 

Yes 

D5a 

39,  69 

(1) 

40 

No 

Yes 

D5b 

33,  70 

(1) 

50 

No 

Yes 

D5c 

39,  71 

(3) 

50 

No 

Yes 

152 


1.  Numbers  in  parentl  Significant 

2.  Numbers  refer  to  1 

3.  AADT  =  Annual  Aveis  taken  as  that  length  from 
4o  WA0C  *  Within  Arefhere  the  Deceleration  Lane 
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TABLE  8 
SUMMARY  OF  RESULTS  -  DECELERATION  LANES 


Location 

Figure 

Nos, 

Geometries- 
Condition 
No„ 

Type  of2 

Decel. 

Lane  No. 

AADT3 

85th  Percentile  Speed 

Distance  Within 

Which  90$  of 

Decel.  Lane 

Traffic 
Diverged  In. 

Usable  ? 

Length 

of  Decel, 

Lane 

Length  of 
Decel.  Lane 

Not  Used 

by  90* 

of  Traffic 

Was  This 

Decel.  Lane 

Used 

Decel. 
Lane 

Through 
Lane 

Station 
0  00 

Average 
Decel. 
Lane 

Through 
Lane 
WAOC4 

Speed  Diff. 

and 
(S)  or  (KS)5 

Through 
Lane 
BA0C6 

Speed  Diff. 

and 
(S)  or  (NS) 

Satisfactorily 
As  To 

Speed 

Placement 

Dla 

10,  44 

(1) 

1 

1460 

7680 

70 

70 

63 

-7  (S) 

69 

6  (S) 

300  ft 

990 

50 

Yes 

Yes 

Dlb 

12,  45 

(1) 

1 

310 

5910 

52 

60 

64 

4  (S) 

68 

4(S) 

300 

990 

30 

No 

Yes 

Die 

14,  46 

(3) 

1 

720 

6630 

46 

55 

69 

14  (S) 

69 

0  (NS) 

400 

990 

230 

No 

No 

D2a 

22,  51 

(1) 

2 

240 

4170 

49 

49 

67 

18  (S) 

68 

1  (NS) 

200 

370 

120 

No 

No 

D2b 

24,  52 

(1) 

2 

1430 

16?90 

u 

46 

60 

14  (S) 

63 

3  (S) 

200 

370 

75 

No 

No 

D2c 

22,  53 

(2) 

2 

1060 

4550 

46 

50 

68 

18  (S) 

70 

2  (NS) 

200 

370 

90 

No 

No 

D3a 

56,  57 

(1) 

3 

— 

— 

46 

51 

62 

11  (s) 

65 

3  (S) 

100 

150 

0 

No 

Yes 

D3b 

35,  60 

(2) 

3 

1010 

3230 

50 

54 

65 

11  (s) 

67 

2  (NS) 

100 

150 

0 

No 

Yes 

D3c 

28,  63 

(3) 

3 

930 

4740 

54 

55 

60 

5  (S) 

60 

0  (NS) 

200 

300 

25 

No 

Yes 

D4a 

65,  66 

(1) 

4 

250 

3780 

50 

57 

63 

6  (S) 

63 

0(NS) 

200 

308 

20 

No 

Yes 

D5a 

39,  69 

(1) 

5 

4100 

2L320 

32 

46 

63 

17  (S) 

62 

1  (NS) 

100 

240 

40 

No 

Yes 

D5b 

33,  70 

(1) 

5 

770 

2800 

51 

56 

64 

8  (S) 

67 

3  (NS) 

100 

340 

50 

No 

Yes 

D5c 

39,  71 

(3) 

5 

1830 

23,530 

35 

42 

61 

19  (S) 

60 

1  (NS) 

100 

240 

50 

No 

Yes 

Numbers  in  parenthesis  (1)  refer  to  the  geometric  condition  referenced  in  Table  6. 
Numbers  refer  to  types  referenced  in  Table  6. 
AADT  =  Annual  Average  Daily  Traffic 
WAOC  ■  Within  Area  of  Conflict 


5„  (S)   =  Significant  and  (NS)  =  Not  Significant 

6.  BA0C  -  Beyond  Area  of  Conflict 

7.  Usable  length  of  Deceleration  Lane  is  taken  as  that  length  from 
the  beginning  of  the  ramp  curve  to  where  the  Deceleration  Lane 
width  is  6  feet  wide» 
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FINDINGS  AND  RECOMMENDATIONS 

The  behavior  of  vehicles  on  acceleration  and  deceleration  lanes  re- 
ported in  this  study  shows  that  t 
In  General; 

1.  There  are  large  differences  in  speed  between  acceleration  or 
deceleration  lane  traffic  at  the  time  of  merging  or  diverging, 
respectively,  and  that  of  the  through  lanes  on  the  Interstate 
Sections  studied.  This  indicates  that  better  use  of  these  and 
similar  facilities  which  will  be  constructed  is  desirable. 

2.  A  large  number  of  the  driving  public  do  not  know  how  to  properly 
use  acceleration  and  deceleration  lanes.  Thus,  for  the  most  ef- 
ficient and  safest  operation  of  traffic,  it  is  imperative  that 
the  driving  public  be  better  informed  on  the  proper  use  of  accel- 
eration and  deceleration  lanes.  It  is  recommended  that  all  the 
interested  agencies  of  the  City,  State  and  Federal  Government 
recognize  their  responsibility  in  this  area  and  formulate  at  an 
early  date  a  program  of  education  directed  toward  the  proper  use 
of  acceleration  and  deceleration  lanes. 

To  facilitate  this  education  of  the  driving  public  in  the 
use  of  such  lanes  one  standard  design  for  acceleration  lanes  and 
one  for  deceleration  lanes  should  be  adopted  for  the  Interstate 
System.  The  Indiana  State  Highway  Commission  has  already  con- 
structed three  different  types  of  design  of  acceleration  lanes 
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and  four  different  types  of  design  of  deceleration  lanes  on  the 
Interstate  Sections  that  have  been  opened  to  traffic.   On  some 
of  these  sections  the  type  of  design  varies  from  one  Interchange 
to  the  next.   These  different  designs  tend  to  confuse  the  driving 
public. 

3.  The  results  are  not  similar  at  all  locations  of  acceleration  and 
deceleration  lanes  having  the  same  type  of  design  and  operating 
under  the  same  geometric  conditions.   This  indicates  that  other 
factors,  such  as  type  of  drivers  using  the  lanes  and  traffic 
volume,  may  have  a  significant  bearing  upon  the  results. 

4.  Acceleration  or  deceleration  lane  traffic  has  little  effect  upon 
the  speed  of  through  traffic  at  interchanges  where  acceleration 
and  deceleration  lanes  of  the  designs  studied  in  this  project  are 
provided  and  where  the  acceleration  or  deceleration  lanes  and 
ramps  have  adequate  capacity. 

At  only  eight  (8)  of  the  28  acceleration  and  deceleration 
lane  locations  studied  was  the  difference  in  the  85th  percentile 
speed  of  the  through  lane  traffic  within  the  area  of  conflict  and 
that  beyond  the  area  of  conflict  statistically  significant.   Drivers 
slowed  at  seven  (7)  of  these  locations  and  travelled  faster  at 
the  eighth.   The  change  in  speed  was  never  greater  than  six  (6) 
mph.   At  some  of  the  locations  where  the  speed  effect  was  signi- 
ficant other  factors,  such  as  a  narrow  median  or  a  horizontal 
curve,  might  have  also  contributed  to  the  changes  in  speed. 

5.  For  the  best  use  for  both  acceleration  and  deceleration  lanes 
at  an  interchange  location,  it  is  desirable  to  have  the  through 
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lanes,  at  the  location  of  the  acceleration  or  deceleration  lanes, 
on  a  tangent  and  as  near  a  level  grade  as  possible. 

For  Acceleration  Lanes t 

1.  A  higher  percentage  of  drivers  utilise  more  length  of  the  accel- 
eration lane  when  the  acceleration  lane  meets  the  through  lane 
on  a  right  curve,  and  less  length  of  the  acceleration  lane  when 
it  meets  the  through  lane  on  a  left  curve,  than  the  condition 
when  the  acceleration  lane  meets  the  through  lane  on  a  tangent. 

2.  Most  of  the  few  accidents  reported  on  the  acceleration  lanes 
studied  were  caused  by  drivers  stopping  on  the  acceleration  lanes 
or  faulty  merging  maneuvers.   Both  of  these  causes  are  most  pro- 
bably due  to  drivers  not  understanding  the  proper  use  of  acceler- 
ation lanes. 

3.  Of  the  four  types  of  acceleration  lane  design  studied,  the  long 
direct  taper  type  of  design  with  separation  from  the  through  lanes 
for  approximately  500  feet  was  found  to  be  the  only  type  where 
most  drivers  tended  to  approach  the  optimum  condition  of  opera- 
tion for  acceleration  lanes. 

4.  For  the  long  direct  taper  type  of  design,  a  high  percentage  of 
drivers  followed  a  natural  straight  path  from  the  beginning  of 
the  acceleration  lane  at  the  end  of  the  ramp  curve  until  they 
merged  into  the  through  lanes.   Some  control,  such  as  a  curb, 
appeared  to  be  desirable  beyond  the  end  of  the  ramp  curve  to 
properly  align  some  motorists  in  the  straight  path  that  most 

of  them  used  on  this  type  of  acceleration  lane  and  thus  prevent 
a  too  early  merging  into  the  through  lane. 
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5.  For  the  long  direct  taper  type  of  design  studied,  most  drivers 
merged  (left  rear  wheel  entered  through  lane)  within  a  maximum 
distance  of  260  feet  beyond  the  nose. 

6.  Most  drivers  tended  to  merge  soon  after  entering  all  parallel 
acceleration  lanes  studied  and  at  too  low  a  speed.   Increasing 
the  length  of  the  parallel  portion  of  the  acceleration  lane  did 
not  improve  the  usage. 

7.  Most  drivers  tended  to  merge  as  soon  as  possible  and  at  too  low 

a  speed  on  the  short  taper  design  acceleration  lanes  which  had  no 
separation  from  the  through  lanes. 

For  Deceleration  Lanes t 

1.  A  higher  percentage  of  drivers  utilized  less  length  of  the  decel- 
eration lane  and  diverged  later  at  lower  speeds,  thereby  deceler- 
ating more  on  the  through  lane,  when  the  deceleration  lane  left 
the  through  lane  on  a  left  curve  than  when  the  deceleration  lane 
left  the  through  lane  on  a  right  curve  or  tangent. 

2.  The  largest  proportion  of  deceleration  lane  accidents  at  the 
locations  studied,  hh>L   percent,  were  caused  by  drivers  travel- 
ling too  fast  on  the  exit  ramps.  This  was  most  probably  due  to 
the  deceleration  lanes  being  too  short  for  drivers  to  decelerate 

to  the  exit  ramp  design  speed;  the  ramp  speed  sign  being  improperly 
posted;  and/or  drivers  having  difficulty  adjusting  to  lower  speeds 
while  still  in  the  environment  of  the  main  facility. 

On  the  other  hand,  22.2  percent  of  the  accidents  were  caused 
by  drivers  missing  the  deceleration  lane.   This  is  illustrated 
in  Figure  72  where  a  vehicle  is  shown  missing  the  deceleration  lane 
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FIGURE     72. 


CAR    MISSES     DECELERATION      LANE     AND     STOPS 
THEN     BACKS     ON     THE     DECELERATION      LANE 
AND     ENTERS      THE     EXIT     RAMP. 
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and  stopping,  then  backing  onto  the  deceleration  lane  and  enter- 
ing the  exit  ramp.   This  may  be  due  to  drivers  not  being  able  to 
clearly  differentiate  between  the  deceleration  lane  and  the  through 
lane,  because  of  short  deceleration  lanes  and/or  because  of  driver 
inattention. 

3.  Most  drivers  at  most  of  the  locations  studied  did  not  obey  the 
regulatory  speed  sign  "Exit  Speed  40"  placed  near  the  nose  of 
the  deceleration  lane  on  the  Interstate  sections. 

It  is  recommended  that  thi3  regulatory  speed  sign  be  changed 
to  an  advisory  ramp  speed  sign  with  the  numerical  value  the  safe 
design  speed  of  the  exit  ramp  and  placed  so  as  to  permit  comfort- 
able deceleration  to  this  safe  speed. 

4.  At  all  but  one  of  the  locations  studied,  much  of  the  deceleration 
lane  traffic  started  to  decelerate  on  the  through  lane  before 
diverging  into  the  deceleration  lane.  The  results  further  show 
that  many  drivers  began  to  decelerate  well  in  advance,  more  than 
1000  feet,  of  the  beginning  of  the  deceleration  lane. 

5.  Of  the  five  types  of  design  studied,  the  long  direct  taper  type 
of  deceleration  lane  with  separation  of  the  lane  from  the  through 
lane  for  about  300  feet  (as  on  the  Indiana  Toll  Road)  was  found 
to  be  the  best.  On  this  design  most  drivers  tended  to  approach 
the  optimum  condition  of  operation  for  deceleration  lanes.  On 
the  lanes  of  this  design  studied,  it  appears  that  a  shorter  di- 
verging distance  and  a  longer  separated  deceleration  lane  would 
be  desirable. 

6.  tost  drivers  on  the  deceleration  lanes  studied  desired  to  follow 
a  natural  straight  path  of  exit  with  a  minimum  of  maneuvering. 
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Thus  only  a  small  percentage  of  drivers  properly  used  the  parallel 
type  of  design.   This  type  of  design  requires  drivers  to  make  an 
additional  maneuver  and  to  follow  the  pattern  of  a  reverse  curve  - 
a  movement  which  apparently  appears  to  be  inconvenient  to  most 
drivers. 

7.  Ninety  percent  of  the  drivers  diverging  onto  a  deceleration  lane 
did  so  within  a  maximum  distance  of  300  feet  except  for  one  case 
where  the  lane  was  on  a  left  horizontal  curve. 

8.  The  curve  type  design  for  deceleration  lanes  tended  to  provide 
good  usage  throughout  the  length  of  the  lane  but  most  drivers 
decelerated  before  entering  this  type  of  lane.  This  latter  tend- 
ency may  be  correctible  through  the  use  of  a  long  and  very  slight 
curve. 

9.  Most  drivers  tended  to  decelerate  appreciably  on  the  through  lane 
where  a  short  direct  taper  design  was  used. 
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PROPOSED  STANDARD  DESICNS 
FOR  ACCELERATION  AND  DECELERATION  LANES 

A  good  design  for  acceleration  and  deceleration  lanes  should  provide: 

1.  Adequate  length  for  acceleration  lane  traffic  to  accelerate  com- 
fortably from  the  safe  ramp  speed  to  the  through  lane  traffic 
speed. 

2.  Adequate  length  for  deceleration  lane  traffic  to  decelerate  from 
the  through  lane  traffic  speed  to  the  safe  ramp  speed. 

3.  Adequate  merging  or  diverging  distance  to  handle  safely  low  volumes 
as  well  as  high  volumes  (to  practical  capacity)  of  traffic  on  both 
the  through  lanes  and  the  acceleration  or  deceleration  lanes. 

k>     Adequate  sight  distance  to  allow  drivers  to  maneuver  safely  through 
the  interchange  area. 

5.  Adequate  signage  and  delineation  at  the  interchange  area  to  eli- 
minate any  confusion  in  differentiating  between  the  acceleration 
or  deceleration  lanes  and  the  through  lanes  and  in  properly  man- 
euvering through  the  interchange. 

6.  A  small  angle,  one  to  three  degrees  if  possible,  of  convergence 
(acceleration  lanes)  and  a  small  angle  of  divergence  (deceleration 
lanes)  so  that  the  maneuver  can  be  made  in  approximately  the  same 
direction  of  travel  as  that  being  performed  by  through  traffic. 

7.  Separation  of  the  acceleration  lane  or  deceleration  lane  from  the 
through  lane  for  an  adequate  portion  of  the  length  of  the  acceler- 
ation or  deceleration  lane.   At  the  beginning  of  an  acceleration 
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lane  a  curb  may  be  necessary  to  align  properly  drivers  coming 
from  the  ramp  curve. 
The  above  characteristics  and  other  findings  of  this  study  were  used 
to  prepare  the  Proposed  Standard  Acceleration  Lane  and  Proposed  Standard 
Deceleration  Lane  shown  in  Figures 73  and  76  respectively. 

Proposed  Acceleration  Lane  Design 

This  proposed  design  is  to  handle  two  fundamental  maneuvers,  acceler- 
ation followed  by  merging. 

The  accelerating  distance  is  that  length  of  the  acceleration  lane 
from  the  end  of  the  rarap  curve  to  the  nose.  This  length  permits  accelera- 
tion lane  traffic  to  accelerate  from  the  safe  ramp  speed,  assumed  for 
Figure  73  to  be  25  mph,  to  the  design  speed  of  the  facility,  assumed  to  be 
70  mph  for  Figure  73- 

From  Figures  74  and  75  the  distance  required  to  accelerate  from  one 
speed  to  another  is  determined  for  the  best  and  poorest  performing  cars 
for  three  model  years.  These  distances  for  25  mph  to  70  mph  are  tabulated 
in  Table  9»  which  shows  that  the  maximum  acceleration  distance  required  is 
612  feet. 

TAHLE  9 

DISTANCES  REQUIRED  FOR  VARIOUS  MODEL  CARS  TO 
ACCELERATE  FROM  25  MPH  TO  70  MPH 


Year  of  Model  Poorest  Performing  Cars     Best  Performing  Cars 

1951  612  312 

1955  560  250 

1959  475  257 
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A  distance  of  625  feet  was  assumed  for  the  proposed  example  design. 

The  merging  distance  is  that  length  of  the  acceleration  lane  from 
the  nose  to  the  end  of  the  acceleration  lane.   This  length  enables  accel- 
eration lane  traffic  to  merge  from  the  acceleration  lane  to  the  through 
lane  while  travelling  at  the  design  speed  of  the  facility,  70  mph  in  the 
example.  This  study  reported  that  the  majority  of  drivers  merged  on  the 
long  taper  type  acceleration  lane  within  a  maximum  distance  of  about  260 
feet.  This  distance  was  for  the  left  rear  wheel  and  means  the  total  ve- 
hicle could  be  in  the  through  lane  within  500  feet.  This  distance  was 
adequate  for  the  volume  of  traffic  using  the  main  facility  and  the  accel- 
eration lane  at  the  time  of  the  study,  but  acceleration  lanes  should  be 
designed  so  that  the  facility  can  accommodate  practical  capacity.   How- 
ever recent  capacity  studies  (12)  (25)  (30)  have  shown  that  maximum  flow 
can  only  be  obtained  where  the  "squeeze  off"  distance  is  about  500  feet, 
and  that  longer  merging  areas  do  not  handle  larger  merging  volumes.  A 
distance  of  500  feet,  therefore,  is  assumed  for  this  design  and  this  should 
be  adequate  for  the  expected  future  volume  of  traffic  on  the  facility. 

The  length  of  the  acceleration  lane,  therefore,  for  an  increase  in 
speed  from  25  to  70  mph  is  1125  feet  from  the  end  of  the  ramp  curve  to 
the  intersection  with  the  right  edge  of  the  through  lane.   It  has  about 
45:1  direct  taper  all  along  its  merging  distance.  A  curb  adjoins  the 
acceleration  lane  for  the  first  425  feet  and  for  the  next  20C  feet  a 
shoulder,  which  is  paved  but  of  different  color,  separates  the  accelera- 
tion lane  from  the  through  lane.  The  acceleration  lane  shown  has  a  very 
small  angle  of  convergence,  about  one  (l)  degree. 
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Proposed  Deceleration  Lane  Design 

This  proposed  deceleration  lane  is  also  designed  to  accommodate  two 
fundamental  maneuvers,  diverging  and  then  deceleration. 

The  diverging  distance  is  that  length  of  the  deceleration  lane  from 
the  beginning  of  the  lane  to  the  nose.  This  length  enables  deceleration 
lane  traffic  to  diverge  from  the  through  lane  onto  the  deceleration  lane 
while  still  travelling  at  the  design  speed  of  the  facility,  assumed  for 
Figure  76  to  be  70  mph.  This  study  indicated  that  most  drivers  diverged 
within  a  maximum  distance  of  300  feet.  Allowing  for  a  factor  of  safety 
the  diverging  length  proposed  is  500  feet. 

The  deceleration  distance  is  that  length  of  the  deceleration  lane 
from  the  nose  to  the  beginning  of  the  ramp  curve.   This  length  enables 
deceleration  lane  traffic  to  decelerate  from  the  design  speed  of  the  facil- 
ity to  the  safe  speed  of  the  exit  ramp. 

Various  studies  (2,  3,  31)  have  recommended  comfortable  deceleration 
rates  ranging  from  6.2  mph  per  second  to  9.4  mph  per  second.   A  uniform 
deceleration  rate  of  6.2  mph  per  second  was  used  in  the  design  shown  in 
Figure  76. 

Thus  time  (t)  required  to  decelerate  from  the  70  mph  to  25  mph  used 
for  Figure  76  equals 

C70-2S) 
t  -    6.2    -  7.26  seconds 

The  deceleration  distance  (d)  -  7.26  x  1.47  (7°  t  25 ?  . 

-  7.26  x  69.82 

-  506  feet*  say  500  feet 
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The  deceleration  lane  for  Figure  76  is  1000  feet  long,  from  the  edge 
of  the  right  lane  to  the  beginning  of  the  ramp  curve.   It  has  a  small  angle 
of  divergence,  about  two  (2)  degrees,  at  the  through  lane. 

The  exit  nose  is  offset  six  (6)  feet  and  there  are  175  feet  of  re- 
covery.  Two  advisory  speed  signs  are  posted  indicating  to  the  drivers 
the  design  speed  of  the  exit  ramp.   One  is  located  at  the  nose  to  give 
the  driver  advance  warning  and  to  enable  him  to  decelerate  in  the  deceler- 
ation distance,  and  the  other  is  located  at  the  beginning  of  the  exit  ramp. 
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APPENDIX  A 


DEFINITION  OF  STATISTICAL  TERMS 


Average  Speed 


The  average  of  individual  speeds 


n 


X  -  Z   Xi 


n 


where  X^  is  an  individual  speed  measure- 
ment. 


Pth  Percentile  Speed 


That  speed  at  and  below  which  P  percent 
of  the  drivers  travel  i.e.  85th  percentile 
speed  is  that  speed  at  and  below  which 
85  percent  of  drivers  travel. 


Standard  Deviation  (CT)  and  (S) 


A  measure  of  general  variability  and  the 
square  root  of  the  average  of  the  squared 
deviations  from  the  mean. 


<r  - 


n 


^2 


Z  F±  (^  -  X) 
i-1 


S  - 


n 


Z  F4  (Xi  -  X)2 

i-1 

n-1 


Variance  (CT2)  and  (S2) 


The  square  of  the  standard  deviation. 


Cumulative  Frequency 


The  frequencies  of  a  frequency  distribu- 
tion are  cumulated. 
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Statistical  Hypothesis  (H) 


A  statement  which  usually  assigns  one  or 
more  values  to  a  population  parameter. 
Other  characteristics  of  the  population 
are  assumed. 


Alternate  Hypothesis  (Alt  H) 


Refers  to  other  possible  values  of  the 
population  parameter  using  the  same  as- 
sumptions as  in  (H). 


Significance  Level  (oC) 


The  probability  of  the  test  statistic  ly- 
ing in  the  rejection  region  when  the 
hypothesis  is,  in  fact,  true. 


Population 


The  collection  or  aggregate  of  elements 
about  which  an  inference  is  to  be  made. 


Population  Parameter 
Sample 


A  characteristic  of  the  population. 


A  number  of  elements  selected  from  the 
population. 


Normal  Distribution 


A  certain  theoretical  relation  between 
the  values  of  the  measured  variable  and 
the  relative  frequency  of  the  value. 


Illustrative  Example 

The  purpose  of  this  calculation  was  to  determine  whether  the  differ- 
ence between  the  85th  percentile  speed  of  through  lane  traffic  within  the 
area  of  conflict  and  that  beyond  the  area  of  conflict  was  significant  or 
not. 

The  example  chosen  is  at  location  Aid  where 


Xx  85th  -  69 
Si     -  6.7 
n      -  150 


I2  85th  -  67 
S2     -  5.3 
n      -  150 
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From  equation  (3)  page  28 

z  m   (Xj  85th  -  X2  8Hh)  x  8.01 

-  (69  a  67)  8,Q1    -  2  x  8,01 
Y  (6.7)2+  (5.3)2       *•* 

Z  -  1.88  (NS) 

This  value  of  Z  is  less  than  2.81  and  this  difference  is  not  significant  (NS). 

The  purpose  of  this  calculation  was  to  determine  whether  the  difference 
between  the  85th  percentile  speed  of  the  through  lane  traffic  within  the 
area  of  conflict  and  the  average  85th  percentile  speed  of  acceleration  and/or 
deceleration  lane  traffic  as  it  merged  and/or  diverged  into  and/or  from 
the  through  lane  was  significant  or  not. 

The  example  chosen  is  at  location  Ale  where 

X-,  85th  -  64      _      Xo  85th  -  60 
$!  "   6.04  S2     -  6.45 

nx     -  150  n2     -  108 

From  equation  (5)  page  29 

(X1P  -  Xjp)  x  7.33 


149  ftj2  +  107  S22 


128 


(64  -  60)  7.33  -  29.32 

149  x  (6.04 )2  ♦  107  x  (6.45 )2     8,S 
128 


V 


Z  -  3.33  (S) 

This  value  of  Z  is  more  than  2.81  and  thus  the  difference  in  this  case  is 
significant  (S). 


VITA 
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